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SECTION 1

| SUMMARY
i :
This report prosents the work performed in determining the biological loading of a cold gas
attitude control system ejscta in support of the Voyager Task C Planstary Quarantine Study
Program, The task was divided into two phasaes, a literature sesarch, and a test program.
The literature search was completed in October 1268 and was reported in Appendix F. The
literature search provided the following informations

‘a,  Attitude com pneumatic systems of the size considered for Voyager cculd contain
from 10% to 10° viable micrcorganisms on the interior surfaces after being cleaned
according to the ligted cleaning spacifications. (See Appendix F.) _

N | Purging components with gterile nitrozen was a relatively ineffective mothod for
' x*emeval of biological contamination as E;h@wn by the test cenﬁucted at GE,

¢, Filivation gave indications of baing an effective and pmcﬁcal means of removing
‘ E:«?@Bwﬁ@ai cmmmimﬁw from gses,

d. Eﬁ%&y?.em orlds (ETO) decontamination and dry heat etovilization ave capable of
redusing the biclogienl loading by 16° and 1012 pepiztont orgoniems, rocpestively.

" Eswover, the best cycle and ETO gxm%w moy bave d@*ﬁmmﬁm efizcia ca @@mp@mﬂt
Eiﬁ'@ and mlmbm&yg

Frem z?.@f@sfmeﬁm gnined in the litorainre ecavch, a wm progrom was justifled gnd imamediately
initintzd %o detormine the number of viable @wiﬁmé thot would bo diochargcu from an
attitade contwol sysism thet wag cleonsd and azcembled neserding to curront elato-of-tho-art

pm@@sg@& A bregdboard single-axis oold gos sysiom woa desligned, utilizlng typical
) gzacecrafl (ACE) bardwars snd possessing proportional interpal aven {proscurant tavk fo
reust of syciom) and baing i‘ma&ﬁ@mﬁiy similar to thet of the GE Tack B g@@m«sm@ ACE, T@i@
braadbonrd ayé’tm was oleznsd according fo the Himbus spacecrafl ma@iﬁ@aﬁm@ and" o
asszmbled in a Clags 103, 600 clenn room. The gsyslem wos preg gzmﬁzmﬁ with blofiltered |
niTegen g28 &@ 2@@3 pel ond activetzd ena Gty @y@@ mzwég:&mf? sfa a&ﬁ% of %@mmasgm%m 3
S-zzoon nd, m@ gmf’g&i Mz}wdem f:aﬁzws

R = S



| Dﬁri&zg ﬁzea t@@ﬁng, the tavk pressurs, re@aﬁedpmasure,_ and the- nozzle chamber
pressure wers recordsd on an ogcillographon a ﬁme base. The discharge gas from each

flving was filtered by means of exhaugting it through a 0. 45~-micron membrane filter in'a
high-pressurs mter holder. The filterg were bloassayed after the teat to determine the .

number of orgamms recovered. Ragults of the bioasgay are presented in Tables 8-2
through 8-9. '

Flve tests weré performed with the breadhoard system, of which two had a vibration
environment prior to testing, two were tested ag assembled, and one was a controlled con-
tamination teat. A NIMCO system (Mimbus Satellite, engineering model) was a.iso tested
during thip effort. Bioagsay results of the filters used in the vibration and as-assembled
breadboard system test show vigble spores e;;is?;mg on nine of 57 fillers cultured for a total
valid epors @@1@‘?&? count of 52. A totel of 34 ft of ges ©1 atm was e”{peﬂed in those four
tests. The everags spore colony dizcharge w@a was 1.52 sgmres/ft of gas. The NIMCO
system test provided 2.885 cpove mz@zzi@s/ﬁ of ges. Thees e@mamma@@a velues can be |
» Hcmg*’@er ed &8 m&mmms becaues the background cm%gmmaﬁcn level (ccmmmmation ‘
| mﬁ@mscﬁ ﬂ‘wmw b2 bioasen j pmm&m&} gt times wa@ eoual @o témt @m@m@ fmm me AC@
ﬁiﬁ@g@.v G , S C e RIS :
| To soceriomh tha gystem ivternal gurfoce c&%@mﬁ@ﬁ%m iéval, éﬁhe in»imea flter of @e R ' 
breadboard system was bloaseayed, Mo confomination was recovered, Four a@dﬁt’mm@l o
| eompoents, two fiters and ﬁ:@?@'ﬁ@mgﬁﬁ values, wers also biaﬁgs&.yeaﬁ. These components
were not ussd in the breadboard system hut ave of {he game pert number a3 comparable
" parts in the aystem, A filleranda solencid value were parged clean to the Nimbus particulate
clesnliness level, snd & ‘ﬁﬁg&f and solenoid valve wém ultrasonically degreased in a Freon
bath gnd then purgsd cleaned to the Nimbus requirements. The bloassay results show that
 the umf‘m@m@a%y cleansd 8lter and sm?;efmd valve bad 75 and O spores recmfered respect-
- ively, while the g;wg%sz@mm cumponants h&d 2 h?@?;@gical coﬁxﬁ;amm@ﬁ@m Eevei ﬁﬁat was 80
high a conmt could mot be taken, T LT o

1-2




SECTION 2
INTRODUCTION

"I‘he study to determine the effects of propulsion systems on the maintenance of Mars
planetary quarantine is being conducted as part of the Voyéger Task C Planetary Quaratine
Program. A potential source of contaminaﬁc;n is the release of viablé organisms from the
spacecraft cold gas attitude control system. .
The biological discharge values obtained from this study are to be utilized with other ACS
parameters (gas discharge velocity, direction, rate, etc.), within a math model, formulated
to assess the probability of a single viable organism reaching Mars.

2-1/2



SECTION 3
PROGRAM PLAN

The cold gas biological contamination investigation was conductied as follows:

a. A literature search to investigate previously conducted cold gas system
biological control efforts.

b. Performance of biological assay, testing, and analysis where previcus investi-
gations were deficient in satisfying the quarantine study needs.

3-1/2



SECTION 4
LITERATURE SEARCH

The literature search was completed in October’66 and reported in Appendix F, The

following items are given as a summary of the report.

a.

C.

) d.

Asg part of a NASA contracf? GE performed a test to determine the bioloading

of hardware components. In this test, the interior surfaces of three sets of
pneumatic components were bioassayed after the components were cleaned to
specific cleanliness procedures. The results show that the components would
contain approximately 200 viable organisms/ft2, However, in the testing it was
determined that the bicassay technique was, as a minimum,10 percent efficient,
and therefore placed the actual component bioloading at a maximum of approxi -
mately 2006 organisms/ft2,

Under the same contract? it was found that purging by sterile nitrogen gas or
water was a relatively ineffective means of removing organisms from internal
surfaces of pneumatic hardware components. '

Heat sterilization and decontamination by ETO when applied in an eff@ctive manner
would reduce the visble organism loading on surfaces by 1012 and 108 organisms,
regpactively. However, little is known gbout the effect on component relizgbility
by these decontamination processes. Heat sterilization appears to provide the
greatest unknown and probebly the most severe restriciion on system and com-
ponent design. ETO does not appear to present 2s large a compatibility problem
as hezt sterilization. ETO is not considered a sterilizing process where bicassay
of a surface cannot be performed, i.e., internal surfaces. -

Geses and liguid can be sterilized by filtration. Filter manufacturers have
performed tests, under carefully controlled conditions, that have regulied in
removing il particles larger tim: the absolute pore size of the membrane fiiter

. fmm liguids and gases.

. ¥NABA C@m@*act;m). N AS‘85113“72 .‘ S S




SECTION 5
TEST FROGRAM

The test program was designed to provide results that could be used to predict, within
reasonable accuracy, the quantity of vieble crganlsms (spciree) that would be ejected from
a Voyager-size cold gas ACS, The following considerations were applied to the breacboard
'ACS design.

a. The ratio of propellant tank internal area {o all other component and line internal
areas is the same for the {est system as for the Voyager ACS proposed by GE in
the Tagk B design. This ratio is approximately 80/20 and represents the high-
velocity and low-velocity gas areas.

b. The test system utilizes typical ACS pneumatic components to give representative
internal areas, ﬂew paeeege configurations, end gas velecitiea.

c. A thruster that provides the same system gas flow rate as any eingle thrueter on the ‘_
: V@yeger ﬁyatem. o |

d. Atest eycle that consists of short~duration and lmgadura&ion pulses at intervals '
- olong the ACS @eem@’emi speotrum, y :

" e, Vibretion wes epplied $o the tent eyz;%em et m expacted V@yeger Heqeeneiee e.nd
aceelerations prior to system opsretion. This test is to determim the effect -
of vibration on bi@-e}eeﬁ:ﬁm raba,

f. The gystem was preeemizeﬁ with bﬁeﬁﬁtereé gag (filtered through 0. 45-micron - |
filtsra) so that all orgenisma subgeguently ejected may be considered te heve .
been remeved from the internsl surfaces of the eyetem. "

Ag a checkon the vaﬁc’my of the data chialped from the breadboard system test, the ejecta
of the NIMCO sysiem was bmaseayed; The NIMCO system,at the time of testing, was
being prepared for anoiher teat program ond wag ei;eeee@ and eszembled to the same
epeeﬁficatiew ag the breadboard gystem. Access to the system for bloassay was limited
because of the NIMCO test program, aand only 1.4 3 of gea (1 atm) was sampied. The gas
wes expelled from the g@emve rolil mﬁ nezative piteh nozzles on S5-second pulse durations.,
’E‘weive m@em were uee@ in e@a %e t, one ﬁ@r ee.eh nozzls g:e& 5»@@%@@ wﬁee. .



The shove work was performed by the GE Spacecrait Department in 2ccordance with the
work statement presented in Appendix B, |

A controlled contamination test was algo conducted where a known quantity of spores
(Bacillug gubtilis var niger) were injected into the system, : This test was performed
to determine the amount of biocontamination that would be ejected under known contamination
conditions, and to place a value on the eifectlvenes_s of the bioassay techniques. This test ‘
was performed last to preserve the breadboard system cleanliness for the "ag-built"
evaluation testing. -

To provide a correlation between internal surface contamination level and ejecta bioloading,
the breafﬂmafd system "in-line’ filier {assumed to be the component that would have the
‘highest contamination level in the gystem) Internal surfaces were biozssayed. Other
sysiem compounents wém not bi@aaaayea bacauge the bicassay procedure, to be éﬁective,

: W@Lﬁﬁ requirs a coraponent which could result in destroying the components for further use |

- in thelr m@ﬂésﬂ em&ci&y. However, o provide additionsl component interns] contamination
data, four mmp@mmw that were not w@d in the system were hmass&y@d after beiﬁg cleaned
according o the Nmmw aprec iﬁcaﬂ@n.

The test program 2130 meladed izesﬁng a3 required 1o determine system fnmcﬁoggl
characteristics and to develop bioassay techniques, = ,‘

e L
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SECTION 6
SYSTEM CONFIGURATION

A detalled description and layout drawing of the single axis breadboard system was given In
the program status report, Appendix G, A system schematic and specific system param-
eters are given in Figure 6-1 and Table 6-1, respectively,

NITROGEN, PROPELLANT
TANK

0.45-MICRON

REGULATOR
2000 PST FACILITY ACS

INTERFACE

PRESSURE GAGE

T .

HP TRANSDUCER

e

CHECK VALVE

10 MICRON IN-LINE

0.45-MICRON BIO,
FILTER

LP TRANSDUCERS

Figm‘e 6—1. Breameam Ammde Control ﬁys@em Schematic -

‘Tzble 6-1. System Opsrating Parameters

Parametler Velve

Teuk volume 142 @3

Tenk pregsure 2009 psi

Weight of gas 0.815 p@mﬁg

Volume of gas v 10.45ft 3221 atmosphm’e
Regulated pressure 39 pela

Thruster chamber presgure
Gag flow rate

System thrust ‘

System tota] internal Area
Tonk to gywam aren {parcent)

38 psia, 51 psla

0.0019 Ib/sec 0. 0243 £t3/s2c
0.1 pouns

178.9 mgﬂ

9.5 percent

a1




A schematio of the NIMCO system tested is glven in Figure 6-2. The Infernal area of the
NIMCO system was not reedily computed, T‘h@ diffarence in internal area between the
breadboard aﬁd NIMCO sysctems exists primarily in the tankage and the fublng, sinos the
remaning componsnts are identioal in meny cases. ‘The Internal avea of the NIMCO system
as a single-axis gystem is approximately 400 percent larger than the breedbeard 5yatem.
The tank-internal-area-to-remaming-cystem~area ratio is 62 percent, The NIMCO epér—

ating parameters are the same as ths breadboard system (I, e., thrust chamber pressure,
reguleted pressure, and gas flow rate),

S ommcg o ’ nmm? VALVE
CHECK VALVE ‘ / IN-LINE FILTER $ L.P. TRANSDUCER
b . B
'1" _ éf
L ﬁ’éé %’ﬁﬁ” f@ T E o
CHARGE FILTER EOLEHO mcvmm
VALYE

T T - 'i'BAN@DUCER

YAW .

‘Figare 6-2. NIMCO Atitads Comtrol System Schemstie ™~

L ey

. NI S |
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e o v . e




SECTION 7
TEST PRCCEDURES

7.1 FUNCATIONAL TEST PROCEDURES
The functional test procedures for the breadhoard system are given In Appendix A,

During each test, the system preesure, nozzle chamber pressure, regulated pressure, and 1.
system "en-~time" wem recorded on an oscillograph record. A sample tracing of the
recorded output is given in Figure 7-1. The instrument was calibreted before each test
to verify accuracy of results. | )

7k
LA 3

X‘srfmm 7-1. Oseiuompﬁ Tracs

Prior b testmg,the sy&%@m was pressurized with E&i‘@:ﬁ’@‘“@ﬁ ﬁ*@m a f.f,@ﬁity 5000-psi source
" located in the clesn room. The facility gas was prefiltered through two 0.45-micron
high-pressure filters” mounted i series nsaxr the iniet 10 the brsadboard ACS. Vibrsatlon
- of @Zza;s ayg%&m wes perisrmad as pzm of t@m agﬁm m@;memmm@ for «m@ of the ﬁ&m’ bmaﬁ- o

z g@fe mm C@rp, B‘E@é@’i‘@a Mass,

g e T - oerreg R— e - T T




\ board system tests. Figurs 7-2 illustrates the ACS on a vibration tahle. The fully pres- .
surized system was vibrated in ail thres axes. The Voyager vibration frequency range

and "'g" loads were specificd., However, In the system hui_ldupv,‘ the pressurant tank selected -
was prime hardware from the Gravity Gradient Satellite (GGII) program and could not be &
~vibrated higher than the GGII requii‘emems. A vibration of 5 to 2000 cps at .3 g 1 mimxte/

octave was a?plied. All testing waé bmducied in a clean room to miﬁimize the possibility ?
of filter contamination during testiﬁg. Figure 7-3 shows the ACS test setup. Care was

taken not to contaminate the filters in preparation for attachment to the ACS by using sté_rile ‘ fz
forceps and petri dishes in the removal, storage and replacement of the cotton plugs frbm
the filter holder inlet and cutlet ports. |
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Figure 7-3. ACS Test Setup

7.2 CLEANING AND ASSEMBLY PROCEDURES

All the components were cleaned and assembled to meét thé requirementé of GE spsacifi- -
cation No. 8VS 2631E para. 3.7, and Quality Control, Test Standing Instruction No.
SI-236869 and t‘he work s%a%ement. The applicable portions of the specificationg are givan
in Appendiz C. Assembly work was performed in a clean room designed o meet class

100, 000 requirements. The actual room cleanliness level is indicated in the sample data
sheet (Figure 7-4). Microbological contamination of the clean room was also monitored
_during test 6. Test data is given In Teble 8-12. Specification SVS 2631E only specifies
the particulate cleanliness level of the purge effluent from parts and the assembly, The
parts degreasing (as requirad by the specification) was acccmplished by ultrasonic cleaning
in a freon bath those camponems that could be disesesmbled without affecting their per-
' formance. Componezts such as the regulator, transducer, and solenocid val‘vas weve cleaned
by freon flush in the’ﬂow region and then purgsd {o the partﬁéuiate count reguirement of the

; speciﬁcaﬁon. The Q,fuamy Com‘.rol logzs showing paﬁiw}a_r cmmt for «aach compomﬁt and the -
system are giveﬁ in Appemiix E. — :_> S '
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7.3 BIOASSAY PROCEDURES

The hiloassay procedures are presented in detail in Appendix D. Theses procedures are
adaptétions of standard procedures recommended by NASA, U.S. Public Health Service,
and standard manuals of microbiological techﬁique. The use of filters to sample airborne
microbial contamination is described in U, S. Public Health Service Monogz;aph No. 60,
""Sampling Microbiological Aerosols." This filtration technique was adapted to measure
contamination in the gas discharge of the attitude control system., High-pressure filter
holders* and membrane filters were used for this purpose. Figure 7-5 illustrates the
high-pressure filier and filter holder. Specifications for heat-shock procedures, ultra-
sonication, peptone water and agar media were taken from Standard Procedures for Micro-
biological Examination of Space Hardware, National Aeronautics and Space Administration,
1966, The plate count technique iz a standard one found in the fonawing references:

Ameﬁcén Public Health Ass&aiaﬁ«m, Ing. '
Standard Methods for the Examination of Dairy Products, 1880

Soeiety of American Bactericlogists
- Manusal of Micrebiological Methods, 1957

*Golman Tnoirument Co., Amn Arbor, BMich. . - =




8.

b.

Filter Holder sad Filter Membrane =

- Figore 7-8. Hig"’@m?masme Fﬁfber avd Filier Holder . . :




SECTION 8
TEST RESULTS

Ninc fests were conducted in this investigation." They are as listed below,

a. Four programmed téstéwiﬂi the bréadﬁoafd systgein. . -

b. A single test of the NIMCO system. |

c. One cmtrolled éontamination test with tﬁle breadboa:u"ci system.

d. Three tests with the breadboard system to check system function and evaluate
different bicassay techniques.

For the purposes of ‘emluating the ACS ejecta, only data from the test descr;!oed in a, b,
and ¢ will ba used. o '

All testing, clesning, and bicassaying was moniored by members of the GE Guality COTB&O}*’*;«:;

Group for strict complisnce to specification and procedures. Examples of QC logs are
given in Appendix E. Prior to te:s&ﬁg the breadboard ACS, a fest was conducted with an
auxiliexy system (Figure 8-1). These tesls weve conducted to eﬁ@@bﬁ%h a standard bicagsay
technigue to develop a method for installation of the ejecta fﬁﬁem@c}_ to determaine the pres-
sure drop of the cjecta filters to assure that sufficlert AP exmists é.czj@ss the thruster to

maintain gonie flow. Scnic flow is maintained whea ia; =< 0,528% for nitrogea. Witha
. . - . Pe ‘ ‘.»
thruster chamber pressuce (?c) of s51psia, the nozzle discharge pressures (P,) must not

exceed 27 psia or 12 pgﬁa to mﬁ&aim a ?a < 5258. ’.'i‘ame 8-1 éh@ws the nozzle discharge
P A
pressure with ﬁl&er membmes of 0.8 and 0. 45 microns pore size at applicable flow rates.

‘The thruster flow mi;e ﬁg &@pmmmz%ely 0,0243 ft?’/mia

~ *Critical pressure ratio Pa ( k +1) IR

k= mﬂaiwiﬁch@amaiﬁmm Fornﬁwem,k 14

"8;1 .
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Table 8=1, Filter Tests .
0.8-miocron Pore Size Membrane Filier ‘ 0,45-micron Pore Size Membrane Filter

i

Flow Rate P a Flow Rate Pa
1,0 scfm 0.6 psig 1.0 sofm 1.6 psig
1.4 scim 0. 8 psig 1,4 scfm 3.3 psig
o 1,8 sefm 1.5 psig 1.8 sofm 6.4 psig

The results of the tests show that using a 0, 45-micron pore size filter element produces a
: Pa <12 peig and does not impede nozzle flow,

Thé bioassay data presented in Tables 8-2 through 8-7 18 broken down into two columns,

the number of bacteria (including fungi) under ths "nonheat-shocked" column, and the num-

ber of microbial gpores under ths "heat-shocked" column, Micrcobial recovery data given
in Tables 8-2 and 8-3 are rasults obtained by bloassay procedure I (see Appendix D) and

| present the number of recovered orgenioms in the form "less than" (<‘X), becauss of the

dilution factor Ia the process. Resulls given in Tables 8-4, 8-5, 8<8, and 8-7 are obiained

by using bicassay procedure H in Agpendiz D end are setnal bacterial colony counts,

A Thé"@em@l filtora" are filters that were not exposed to tho ejecia test but were bioassayed
) as é@ﬁr@ia with ¢the clecta contamingted Bltcrs. The assay of theae filters provides the
‘background contamination level of thébie&mgy pmce&’i@re emd a,iw verifies the sterilily

of all the filters, sincs all the $iliors eve sterilized together ina steam entoclave, )

8.1 TEST1 - , . : : -

The firgt test §o'ﬁcweﬂ Test Plan 1 (see Am;@n@‘%ix A), ﬁm is, it hmi 21 filtevred c‘@emﬁona.
During the {esting, 2 3.@% was found begwe@n ths nozzle and nozzle ewtension block after

Step 14, Ths loak wes fized end the test cemmmd, The blcassay data is given in Table 8-2,
The leak wes minvte and did not leek sufficient gé,s to void the tesrt The data shows ﬁhét e

no viable spores we% recovered from 13 of the 18 filters assayed, ‘Three filters were G
inadvertently wnmmmd. Of the five rezcaining ﬁh@r eiamenm, mly one (E‘ﬁ'é;mr No. 9) : ot

o had eviwace ef ma&%ﬁm my micm@rmﬁsms imm 'é‘.hy AC@ @y@t@m. (Fﬂ@er eﬁemeﬁta -

T



1, 5, 6, and 11 (Step 7) provided inconsistent resuits; i.e., greater spore catamination

was obsorved after heat-shook than the total count in the nonheat-shock, which may indicate

contamination during the bloassay procedure,) . T
In gensral, the numbeyr of organisms reco“vered were so low that culiural technié;ues nor-
mally applied to enumerate the microbial population may not be sensitive enough. Because
the biological laboratory background contamination obscures such low contamination levels,
the test procedure was revised for Test 2 to allow more gas to flow through a filter for a
particular system test, The revised test eprsure (Test Plan II) allows {wo pulses to be

passed through a filter Eefore the filter i8 changed and also reduces the number of pulses
in a test. |

8.2 TEST2 . - . . o S _ R
The breadhoard system was subjected to a vﬂomﬁ@:n of 5 to 2000 ¢ps, 1 min/ ecﬁ:@%re a‘é é—g
lsvel glong oll thvee axes, During vibration, the system pressure depreciated from 2000
'pai t0 1300 psi, Reecauves of this loes of ga.a, only Steps 1 through 5 of Procedure II were
followed, and the vemaining gas was e@eﬁed through one filter, Tabls 8-3 pmvides the

blcassay - r@suka of tha test, Filler 1 was the @ﬁly filter mdica%mg vieble 3@@?@3. | A total
, of ’?.15 z:% @f@m wan h‘imggay@ﬁmtma ‘E;eatg s e e

893 TE“F%TSBAm)é , . T RS S
In Test 3, tho syclem was vﬁm’&%@d as8 in Te&s& 2. Tes;t 4 had 10 vibmtim, Test 3 and

Test 4 were conducted to test Plen M. The bi@assay procedure far these {ests was changed.‘ :

 The new prosedure placed 7 of the 15 filter elements directly on solid growth media
{agar),and the remaiuning 8 were culturad as i Procees 1 for heat-shock, A1l of the blended

solution was cultured 80 as to vecover a maxiroum bacterial population, This process would

 algo enhonce the detsciion of low numbers of contaminsnts. Results of these tests are
L glven in Ta.b?i.es 8-«4 and 8~ 5, Omy three ef "ahe 29 fimars assayed shnwed any indication & o

p of b&c@aﬁal com@nﬁmﬁ;ﬁen. R -




8.4 TESTS - - « .

A NIMCO attitude control pneumatic system which was installed in the englneering model
satellite was tested for its ejecta bioloading, The NIMCO system was scheduled for testing
as listed in Table 8-10, The bioassay testing was performed prior to the second scheduled
thermal vacuum test {date 2/2/67). The NIMCO system was presBurized and functionally
bench-checked as part of its planned test and had aoremaining 700 psi in the propellant tank
prior to the bioassay test. The test consisted of actlvating a positive roll and a negative
pitch nozzle simultaneously for a 5-second pulse cne for each nozzle. Six firings were
made, using a total of 12 filters. Results of the bioassay are given in Table 8~6, The data
shows a recovery of four viable organisms from two filters of the 12 used. A total of 1,486
ft of gas was expelled,

8.5 OTHER TESTS o : L :
During the course of the ab@ve testmg, it was necesgary to run additioml tests as checks

on the syetem function and Mo@ﬂs&y procedures.

A tost was ;condzm@@d to verity the qualtty of Hltvation of the faoflity-farntehed filters, The
- facilify seriss-redundant, 5000-psi lins filters were removed, sierilized, and mplaced. o
In the system, The breadboard system was then pressurized with gas that was filteved -
} ”by ﬂae §agﬁlity filters, . and oll the gas was expslied thmu..gh one discharge filter, Allthe =
| filters used 0, 45-membrane elements. The facility filters and the breadboard ACS dizcharge
fiiter were bioasssyed. The bioassay resulls are given in Table 8-7, Mo apo;‘ea were : - .
culiurad from any of the fﬂ?»era, and only 10 bacterial colonles were cumxmd from ﬂze \
first facility fmer. ;

A controlled cemta;mmaﬁon test was performed as a final teat, to determine what percentage |

of a visble test apore population would be exhausted from a system. A 0, 1-m1 goluticn af L

methyl alcohol with 1,13 x 108 spores of Bacmuﬂ gubtilis var, nﬁ;ﬁer was biwm into the -
breadboard syste‘m, through a short mbe, by the pressuﬁnzing gas during the i1l cycl.e

" For this test the breadboard system in-line filter was removed., Steps 1 i:hrmgh 18 of

| v Test Pla;n I (se-e Appanﬁix .A) were i‘oﬁow&d *&o c@mpl@ée tha ‘&@st. Remﬂta ef the teat are




given In Table 8-7. A total of 134 spores were recovered, of the test species type. A
bicassay of the injection tube and system inlet check valve recovered 2,29 x 106 and 6‘.‘ 5x
J.O7 spores, respectively, or 62 percent of the injected test spores. These spores never
entered the system, Higﬁer recoveries may have been obtained had the injection process
been more efficient. However, the recovery of some test organisms indicates that if con-

tamination were present ﬁw TeCovery ‘method could detect them.

8.6 BICASSAY OF SYSTEM HARDWARE COMPONENT S

The internal surfaces of the breadboard ACS system in-line filter were bioassayed after the
first test. The bio&.ssé,y procedure for all hardware items is given in Appendix D. No -
viable organisms were found in the bioassay of this component. This test indicates that
cleaning of the components, although primarily intended to reduce particulate contamination,
provides a sigpificant reduction in the leval of microbiological contamination. To further
assess the effectivensss of the system cle

aning procedure on microbial coatamination, four
. compaonents (two n-line filters and two solenoid valves) of the same part mumber as that
‘used in the breadboard system were bloassayed, One filter (Ssrial Number 33) and one
solencid valve (Berial Number 18) were clsansd according fo the Nimbus speciﬁcaﬁén (ultra-
s@ml;ee@l@aneﬁ In warm ¥reon Bath), and the other ﬁlﬁer and solenoid valve purge—cleaned
aemrdimg te the Nimbus partimﬂ&% reguirements with no degreasing, The bioassay results
.&ve given in Tabls 8-9, Seveﬁzy-fmm spores were recovered from the fﬁ@er, and none from
7 the s@iemi@ valve cleanad in the Freon uliresonic bath, Culim'es of two of the components
cleaned by purging with gas provided spore recovery too numerous to count (TNTC).

A
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Table 8-2. Test 1

Average Number of Viable Orgenisms/

Membrane Filter

Flow Time Gas Vol, Filter Number Nonheat-Shocked Heat-Shocked
(sec.) (ft3 @1 atm)
5.7 0.138 1. 0 - <5
4.1 0.107 2 <10 ’
5.8 0.141 3 < 5
0.28 0,0067 4 0 0
0.3 0. 0072 <5
0.39 0.0093 0 <5
180. 00 4,36 7 <10 0
5.8 0.140 < 30 0
5.6 0.134 < 5 <5
5.9 0.142 10 <10 0
0.42 0.01 1 0 0.
0.32 10,0077 - 12 <10 0
124.00 - | 2,98 4 0 0
5.2 4 0,125 1 <20 N < 30, > 20
5.25 0.128 2 0
5.1 0,122 3 < 10
0.35 0.0084 4 . < 30
0.26 10,0082 B < 10 o | *
0.55 0,013 6 0 - | SR .
80,00 1.92 Blemk | <5 o o w
 Fallout | 0,367 orgealema/petri dish-min o - | '
+ 1 0.00487 orgentoma/om®-min |

*Dizcerdsd becauze corlaminaied durleg cae of the procedures,

o




Table 8-3. Test 2 (Post Vibration)

Average Number of Viable Organisms/
‘ Membrans Filter |
Flow Time Gas Vol, - Filter Numbsr Nonhoaat-Shocked Heat Shecked -
{sec,) (£19©1 aim)
9.2 0.224 1. <5 <5
10.1 0.245 2 <5 0
0.70 0,016 - 3 0 0
0,68 0.0155 4 0 0o
180,00 4.38 5 <10 [
109,00 2.65 6 < 20 0
Control ' Blenk <1 0
Tablo 8-4. Test 3 (Post Vibration)
Aversze Number of Visble Orgenisms/
B - Membrane Filter - .
Flow Time Ca3 Vol, Filtor Number Nonhsat-Shocked Heat-Shonked
T(eze.) | | (@5 Clatm) P | -
10.5 0,258 1 .0
. 0.73 0,0178 . 0
182.0 4,44 5 0
. 9.8 0.228 1 o
0.87 0.0163 8 o
11,1 0.220 1 0
0.85 0.02 14 o
55.0 1.34 Blank o |
10,4 0.250 2 B o
o975 | ooms 3 0
100 | o3 6 1
0.800 | oo 9 o
une om0 o
200 | ooms a3 o
g - | oo 0 13 o

=1




Table 8-5,

Test 4

Aversre Numboar of Viable Organisma/
Membrane Filter
Flow Time Gas Vol. Filter Numbar Nonheat-Shocked Heat-Shocked
“(sec) | (®%CTatm)
11,7 0.286 1.
11,0 0,268 2
0.80 0,0195 3 1
0,78 0,0185 4 0
205,00 5.0 5 . 1
10.5 0,256 8 0
11.2 0,275 7 0
0.66 0,016 8 0
0,75 0,0183 9 0
_132.00 3.22 10 o
11.9 0.29 1
10.1 0,25 12
1.08 0,028 13
122.0 2,74 14 0
Contral Blank 0
 Teble 8-6, Test 5 (NIMCO) -
Averere Mumber of Vinble drgmxismg/
Membrans Filtey
Filow Time | - Cas Vol Filter Number Heoboat-Bhocked Heat-Shosked
“ec.) | (@301am) I
5.0 0,122 3 0
5.0 0,122 4 ’
5.9 ‘0,122 5 i
5.0 0.122 8 'y R
5.0 0.122 7 o
5.0 0.122 8 ‘ 0
5.0 0,122 10 ) SR
5.0 0.122 n’ o o
| 5.0 0.122 12 Lo
5.0 0.122 o3 o o
5.0 ez | 0o
| 5.0 | eam Blmk CE B
cowwa - | o iy




Table 8-7, Test 8 (Control Contamination)

Average Number of Viable Organisms/
. - o Membrane Filtsy :
Flow Time Gas Vol, Filter Numbay Nonhsat-Bhocked Heat-Shocked
(sec.) (fi:3(§ 1 atm) .
11,3 1
10,2 2 0
1,11 3 0
1,20 4 17
184,00 5 33
11.5 6 0
10.8 7 17
0.89 8 0
0.80 9
123,00 10 50
10,75 1 ar
12,2 . 12 0
0.95 13 0
116.0 VIR 0
Caatrol | ... Blenk . - 0

Number of test organisms {Baclillug subtilis var, giobigg&) iiatioduced into system: 1,13 x 108

Number of orgznisms recovered from fulet tubs: 2,28 x 106,‘ ,
7 .

Number of organizms recovered from check valve: 6,8 x'10

8-10 T



Table 8-8. Component Bloassay Test

Assay of Solenoid Valves and Filters

Filter - Serial Number 3
Filter - Serial Number 33
Valve - Serial Number 5
Valve - Serial Number 18

Total Number of Sporss Recovered

TNTC
74
TNTC
0

Table 8-9, Clean Room Bioassay

Monitoring of Airborne Contamination of Clean
Room Prior to Contaminated Test (Test 6)

Tctal Number of Organisms = Con
Sedimentation Plotes* Reyniers Sample®*
Day Before 60 (Assembly Room) 27 (Assembly Room)
o ' 8 (Clesn Reom) 1 (Clean Room) =~
Day of Test 9 (Clezn Room) - 22 (Clean Room)
| 11 {Clean Room)

The difference between lev:eks of contamination in the clean room on the two :

. days is preﬁgbly dus to the fact test perscmnel were working in the room on day
of test but were absent with the exceptioa of ons person for twenty minutes on

the day befors,

*Exposed fcf'z hours

**Bample of 60 cubic feet of air impacted againet agar surface




Teble 8-10, NIMCO Test Schedule

" Thermal Vacuum

2y Started Completed
Open Bench Test 9-6-686 10-21-66
Assewbly and Alignment 10-21-66 10-2-66
Functional Bench Test 11-3-66 11-9-66
Vibration 11-10-66 11-10-66
Post Vibration Alignment Check 11-11-66 11-14-66
Functional Bench Test 11-15-66 11-17-66
Thermal Vacuum Setup 11-17-66 12-5-66
Thermal Vacuum 12-5-66 12-2-66
Troubleshooting Repair and Retost 12-10-66 1-13-67
Open Bench Retest: | 1-19-67 1-20-67
Assembly end Alignment 1-20-67 | 1-25-67
Functioaal Beach Test 1-26-67 1-27-67
Vibzatlon, . . . - . 1-30-67 1-30-67
Post Vibratioa Aligament Ch@ck 1-30-67 2-2-67
Functional Bench Teat . 2-2-67 2-4-87
.'rhem;e;l Vacuum 3@@;}: - 2--6—67 2-11-67
2-13-67 Not complsted as

of 2-16-67




SECTION 9
ANALYSIS

In general, the rate at which microorganisms are ejected from the attitude ccatrol systems
tested was determined to ba low, The quantity of organisms discharged is obscured by the
normal background contamination level Introduced during the bioassay procedure.

The background-lntroducéd contamination was found at times to be at least equal to that
expelled from the ACS at these low-contamination recovery levels. Because of the low
contamination recovery levels, Test Plan II was introduced. This testvplan‘ Increases the
quantity of gas through each filter which would result in a lesser number of filters, higher
concentration of contamination per filter, and a lower background contamination potentlal.

Test II was performed using this procedure.

An altsrnate bloassay procedure waé ivtroduced (used in Test I and all folla?éfing testis) for
use when the sjecta contaminetion is expected to be very low, This prosedure is deseribed
In detail fa "Low-Level Coateminstion” in Appendix D, This procedure plates 7 of the 15
filter membranes from each single test divecily on a growth medium, and the remaining
filtars aﬁe processed for spore datection., This procedure gives direct bacterial colony
ca@%ﬁ and further reduces the bloassay process contamination potential, Ths contaminant
level of Test 3 and all remaining tests show only one bacterial colony end seven colontes
from the h@g&»@hmk@d aliguot from 41 filters bloassayed, The reduction of contamination
reéévered in thess latter tests as compared with the earlier t2st i3 balleved to ba caused
by the more efficient bloassay and test procedurs, resulting in the reduction in bicassay
procedural contamination, Tests 2, 3, and 4 would provide the most accurate gjecta coﬁ-
-tamination indications, since the coatrol pla@es exhibit the presence of few or no cm@aminwts.
) The NIMCO test correlaies very well Wii;h the breadboard system test within the accumcy -
limits of the bioasgay pmeess. ; e N : S L
~ The low bieim‘ieal d&a«charge d@%@t@d ﬁ‘@m ths aﬁﬁm&a mm;ml wstgms t@@‘é’,ﬁd &ﬁd ﬁm S
- low contamination level evident in th,a in-line biosgsay would indicate a very cleam ws%em »
'_ Th@ breadbcm*d ACS duriiw itg mﬂdmﬁ und&rwem a @@ries oi‘ clezming processea to T




. reduce primarily particulate contamination, However, the cleaning procesa algo produces
significant reduction in the level of micrchiclogical centaminaﬁon 28 evident from the
component bloassay tests, The cleaning process responsible for the microbiological con-
taminstion reduction is the ultrasonic Freon degreasing process. This is shown by the
resulis of the bloassay of the four éomponents where two were ultrasonically cleaned in
Freon and two were purged clean v;ith gas, Not all the components in the breadboard ACS
‘are cleaned in the Freon bath, and conseguently, the total system is not at one level of
biological cleanliness. In the breadboard system the regulator, trans&ucers, and the sole-
noid valve were only purged—cleaned. it is further evident from this test that purging is a
very meffective means of removing biclogical contamination.

In the controlled contamination test, less tham half of the iﬁjected spores enter the ?sysbein_
beyond the system inlet check valve after being purged by the 10 ft3 of gas required to fill
the system, The injected spores were found plated on the walls of the inlet tube and check
valve upon inspection prior to bicaszay., The inability of the filll gas to remove the wet

‘ aporegz from the walls again shows that purging with gas does not remove substantisl amounts

of mﬁ@m@rgmﬁsma frem the surfzce of components, . -

9.2
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SECTION 10
CONCLUSIONS

The results of this test program are consistent within the accuracy limits commensurate with
biological evaluation of such systems, and it can be concluded that: '

a.

C.

e,

The level of biological contaminants sjected from an ACS that has been cleaned

to the levels employed herein is extremely low. As a maximum, no greater than

three viable colonies/ft3 of gas were detected, and possibly, on the average, less
than 1/£t3 is ejected.

‘Based upon the sparce comparative data, the system size does not appear to

significantly affect the microbial ejection rate,

Clea.ning and assembly techniques within the current ""state-of-the-art" can produce
systems with low microbiclogical contamination ejecta potential,

The data obtained herein can be used to predict within raasonable accuracy the

ejecta bioloadmg of the ACS Voyzager system.

No conclugicns cen be drawn from this fest concerning the effect of vibraﬁon and -
pulse mode operation on ejecia bioloading. Howsver, because of the low ejecta
quantily, vibretion and pulee mods effects are not expecied to be significant,

Pumag a sysiem with gas is a very incffective means of removing organﬁsﬁiia.

10-1/2 -



APPENDIX A

ACS SYSTEM TEST PROCEDURE

4,0 Procedure

4,1 Clean all coinponents to meet Spec. SVS 2631E - issued 6/5/65.
4.2 Put system together according to drawing SK 36152-697,
4,3 Purge system until system cleanliness meets Spec, SVS 2631E - issued_
6/5/65.
4,4 | Install five galvanometers in CEC oscillograph recorder to pickup:
4.4, 1 Solenoid voltage N
4.4.2 Solenoid current ,
4.4.3 Regulator inlet pressure (high-pressure transducer).
4,4.4 Regulator outlet pressure (low-pressure transducer).
4.4.5 Nozzle inlet pressure :
.‘4. 5 Ingtalled seven galvancmetors for reference lines.
4.5.1 Nozzle inlet 0 PSI vef. S
4,52 Low-pressure transducer (ereg. tmt) 30 PSI Ref, ‘
1 4.5.3 Low-pressure transducer ‘ a5 pa Ref, ) \‘
4.5.4 Low-presgurs transducer - 41 PSI Ref, S
4.5.5 ghuptfegmfe transducer (Eeg, zn) 0PBIRef. o
4.5.6 Mozzle mlet . ﬁ' 40PSIRef,
4.5.7 High-prescure transducer 500 PSI Ref.
4,5.8 High-prescuve travsducer 1000 PSIRef.
4,8 Mennfactured end installed profective civeults for gaivmmamﬁm. ¢ Celibrated

transducers to shove references, Afer insialling @m@ﬁﬁ@r and transducsry
caﬁ&mmer for nozzle inlst transdncer, : -

4.7 Run recordsr $o proper m@@ﬁs eﬁuﬁﬁg tests. e . o
4,8 - Fill system with GNZ to 2@@9 PSEG. L R T
" 4,9 Tolleny proceduze 4,10, ﬂ or 4,11, % demﬂﬁ;@ﬁ on whieh mg% @3&3} is 0 b@ ﬁoﬁﬁwed.

- Procedure 4.10.90 iz for Test Plea I while prosedure 4,11, 0 18 for Test Pl I,




4,10
4,10,1
4.10,2
4.10,8
4.10,4
4,10,5
4.10.8
4.10.7
4.10.8

4,10,9
4,10,10
4,10,11
4,10,12
4,10,13
4,10,14
4,10,15

4,10.18
4,10,17

4,10.18

4.10.19

4,10.20 .

4,11,1
4.11.2
4.11.3
4,11.4
4.11.5
4.11,6

4,119

RN
sivs

Test Plan I .
Connect a sterile filter to ACS,
Fire one 5-second duration pulss,
Change filtor to another sterile filter
Repeat step 4,10, 2.

Repeat step 4,10, 3.

Repeat step 4,10, 2,

Repeat step 4,10, 3,

Fire cne 300-millisecond duration pulse.

Repeat step 4,10. 3.
Repent step 4,10. 8.

Repeat step 4,10, 3;

Repeat step 4.10,8., ,
Repost otep 4,10,3, ' e
System blowdown to 50 percent pi‘egg@re (1000 PSIG) )
Repeas step 4,10,3. | S5
Repeat steps 4, 10.2 - 4,10.18. o ,%‘ - |
System blowdown to 25 percent pressum (500 PSEG) ‘
Repaat step 4,10, 3. g
Repent steps 4,10,2 - 4, 10.13. RN
System bl gwdown %,o 0 percent preﬁeum {0 PSEG)
TestPlon T

Connect a sterils fiter,

Fire two 5-second dnvation pulses, .

Chmg@ £ilter to ancther sterile filler. - |
Repeat step 4, 11. 2. '
Repeat siep 4.11.3. | B
Fire thres 3@0-—121%.13&8@@@2:«51 dumﬁem gmlaes.' A

'Repmae@é 11 .
_Re@%‘& step 4.11 6. S
Repeststep 4113, .




4,11,10
4,11,11
4,11,12
4,11,13
4,11,14
4.11,15
4,11,18

System blowdown to 50 percent pressure (1000 PSIG)
Repeat step 4,11, 3.

Repeat steps 4.11.2 - 4,11,9,

System blowdown to 25 percent pressure (500 PSIG)
Repeat step 4.11.3.

Repeat steps 4. 11, 2 through 4,11,9,

System blowdown to 0 percent pressure (0 PSIG)
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1.0

2.0

éjected from a cold gas ACS that hag. been cleaned and assembled under

The objective of the test is to perform a complete test on & cold gas

' SN
attitude contyrol system. The test will define the amount of viable spores
standard prescribed cleaning proceaseg. The test will élao-éhow'the'effect

of vibration on the spore loading of the éjecta.

Test Procedures

2.1 Hardware Definition |
2,1.1 Propellant tank - An Airite‘titanzu@ nitrogen tank will be used.
Vol. = 145 in3, welght = 2, 62 iba, diameter = 6 739 4aches and
has a design pressure = 36@0 pai. |
2,1.2 Low presgure transdace? = Thig ia o Nizmbus pressuze transducer
le@@ted on the low precgure @ﬁd@ of gha reguleter to verﬁfy

| regulatoyr perfofﬁaﬁce.f'

2:.1.3 High Presoure tzonoducey - Thﬁ@béé@@%& @?@@@ﬁ?@ g@@m@éucér ghall

.

be located oa the hﬁgh pr@@ﬁaw@ @ﬁé@ of gb@ gysten 29 measure
;ibeh@ intoveal geo prosouTe. e |
1 2,1.4 .?gza and Yent W@E%@ - ?ﬁa'v@at e@a@@ﬁ@nt ia~a'§%@%@@ chack valve
lecated in gtho £4834mg 3imo Co zatailn ges in the aystem upon
’1{reﬁsval of the ground ckm?gﬁmg line and filter,
J\ ‘2.1.5'-§nmline £1lzer - This filter is an engineering CAO component.
2 It 12 located in the system just beforg the regulator. It is
pA.rated fot 10 microns &bsointe o i R
Pressure Regul&tcr - The pregsure régulaéor is a gage type
regulator (uaed on Nimbus) which regul@tes dowmstre&m pregsure

.~

‘f‘to 35 pai,r‘*“*‘ \'
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2.1.7 Solenoid Valve = The solenoid valQe controls the flow of gas
to the nozzles and shall be#losated adjacent to the nozzle.,

This valve 1o just like one used on Nimbus,

2.1.8 Discharge Orifice - These are Nimbus pitch axis nozzles which
provide ,099 *+ 107% pounds thrust at steady state.
2,2 Hardware Preparation
2.2.1 'Cbmponent 7

All components will Se dissassembled in the coméonent Elow

region, ingpected and cleaned, -

2. 2. 1.1 All parts which comprise the final assembly shall be
critically examined to assure freedom £rom purns, feather |
edges, attached slivers, or any éther similar type
garticlea, wﬁich-éould é&baequently become disloged..
Algo eheck fqr cut or damaged seats, seals,.etc. . The
'em@min@tign ghall aleo imclude a careful check of
pkagiﬁgap cc@tinga; or othery finiahea to assure that -

a aatﬂ@fac&ary boad exist@ and¢ that there i3 no daﬁgﬁr
of £ laking, p@eling, or. other possible Burface -
deterioration which could constitute a contamination
hazaxd, ..

2.2.1.2 Cleaning sho83 be dome in acgordance with specification

. SVS 26318 date@ 6-2-65, paragraph 3.7 in a freon baih.

with dlt%aa@ni@ va%rétﬁdﬁg ‘Aftef each piece’is

:i?riﬁf“;f ?@@ﬁﬁ@ﬂbi@ﬂ &nd cl%a@@d 1t @h@m&d be purged and a
V'milli pore @aun& @mb@n. The fia@h fluiﬂ, E@forevﬁ,~ 

e enterﬁng the cam@@ﬂ@mt ghall Be fﬁi@@r@d‘zo asl miéroﬁ

- absolute 1evel. The gargg Qh@uld waet tha same level

h’ of cleanliness a3 the total aesembly (2 2 2). Purge ;w

-2 - I




B4 .

£y

‘ components @ﬁtil-th@ cleanlincas level stated above
1s acccmpliéhed. Once cleaned, %ha compeaeﬁta shall
be bagged in cleaned plastic baga until assembly tiﬁe.
to maintain cleanliness,
A functional test shogld be peFformed on each component
after cleaning and reasaembly‘using filtered tesgt fluids
in siich a manner as to not cﬁntaminate the compbnent.
(This requirement shall apply only to‘régulator, soleﬁdid

valve, and twansducers).

2.2.2 System .
Systenm a@sembly techniques ghall be 4n accordance with gpecification

:SVS 2631E dated 6-2-65, pazagreph 3.7.4. Minimize the generation

of particles. Precaution shall be tsken to assure that the parts

and sub-aggemblies contain no resideal cleamer, either as a

1iquid or as a eolid yesidue. Handling of parts shall be

accemplished»eﬁly through the use of cleen rubber gloves, tweezers, :

or other assenbly teals, that hgve b@em cleaned properly. -

All assembly work shall ba dome in a clean woom. Aseemble

- comganenta on to vibration plate, After @@é@m&ly is completed,

the system must be purged umtil the final vinse golution contains

no more than the number of particles shown below for 100 ml of

solutien fi;tered through a sZandard HA milli pore filter. The

f£lush fluid, before entering the assembly éhall be filtered to

a5 micron absolute level.‘ Cleaning levels is from specification

© .SVS 2631E dated 6- 2 65, paragraph 3. 7.4.

" Particle Size l' . ﬁ'_ Maxzimum No. Particles o R S
T  '..‘,,f‘f‘ A ‘,' | vmétéllic _ Non-metallic (max. diam.)
'f{"ia;és '1?;f:f¥ffj;i7!»irjvﬁo' Requirement T e
so  ;:" ;:,f; 10 100




3.0

4.0

5.0

‘ﬁ‘;’S;Z ‘Sygtem Teat  .i1J}va{;f,t B

5.1 General

100 0 15
150 Non-allowable
Maximum allowable
fiberas 50 x 500
The specific cleanlineas is only requiredron’the internal
surfaces of the éyatem.
Calibration of Instrument

All instruments used muat be vecorded along with the calibration date,

calibration period, and next calibration date. Ahy cdmponentsthat are

calibrated (pressure transduc@y) must have complete data on the calibrating
8o it can be”chéckedvand verified,

Coid/éaa - The propellant, gaceous nitvogen should be filtered to a 4 &
(Bio/inline ) aboolute level before entevring the gystea and ghall be dried

to a dey. point of -65°?

Testing

The cle&niia@ss level of the asscezbly €Zﬁ3@?ﬁ@1) @h@ﬂl be protec%@d

‘at all times during eh@ teating opzration and e@mgly with' sgecification
SVS 26313 dated 6+2-63, pa?@gf@@h 3.7, 3 - 3 7.8, The inlet of the
assembly sh@il be pr@tected by enternal filters h@viﬁg 8 5 - 10 micron
absolute vating, ci@aﬁed ﬁa accordance with 2.2.1.2, If filters cannot
be directly attached to the assembly, the'iateﬁ@@dﬁaae fﬁétinga used

‘.shall be appliedAto the asgezbly 4m o clean rooa evea, end shall mot

be removed ﬁntil tea&ing hos been ecmpleted. Removal shall also take . . .

‘pi&ee under the ¢ same c@ﬂdﬁtﬁom@. Quzi%g &w@tiﬁg, any other precauéioﬂsi':

'necessary to assure that the asoexbly will ﬁ@%&in ci@aa @hﬁll be ff ﬂ N

incorporated inta the teﬁt pr@cedure.'>'

S a2

ﬁTbe system shall be laaded with biofiltezed gas &ﬂd-tested as followg.,.,:':i?

. - . S



5.2,1 . Initial Test
3:2.1.1 Three pulgea of 5 second duration each, -“(ég@? 1)
5.2.1,2 Three pulae@.éf.éo ms duration each. (atep 2)
5.2,1.3 Systenm blowdown to SO% preleure.
5.2.1.4 Steps 1 apd]2 Fapeated. |
5.2,1,5 System blowﬁoﬁn to 25% pressure.
5,2.1,6 Stepa 1 @ﬁd 2 gepeated,

R ERrr

5.2,2 Second Test _
| 3.2.2.1 Sy@t?m v%bwgggé;to simulate b&g@e‘@haaa.4i)
5.2,2,2 Thfe@ §u§é@a §£~5 seconds duvation each, (step 2)
5.2.2.3 Three gu&@ea of 30 ms duration each, Ké@@p 3)
'5 2.2,4 . Syst@m baaaﬂﬁuw ‘to 50 pressure.
502.2,8 Rege@e,az?@@ 2 gﬁ§‘3.,.

.‘ 5.2, 2,8 8yotem %é@%ﬁ@éﬁ to 25% pressure, o
8.2:2.7 Vﬁ%@@t@ @ya@ag go @2&&&@23 xa%@@%izﬁng‘gé) - T
o 5,2.2,8, a@p@@t @?@p@ 2 end 3,_»A ‘ |
5.2.3 Third Test R |
| | 5.,2,3.1 Repeat @E& at@g@ in 3. 3.1.
5.2.4 Fourth Tesg \ |

5.2.5.1 E@@u@t ﬁﬁﬂ ateg@ Qm 5 2.2,

11&$f

5.2.5 ?ﬁfth T@@z ﬁy : ;'

5.2.5.1 @i@u@@@? 5%’@@&@@&@6 c@mp@@@m&@ (eo b@ gefformad by
%ﬁ&aﬁi@@aa@ne@@)

(1) Vibzotten rate gex Ey %ﬁtb 503 z@:@m 4soued 6»2-:65,‘; f

@%ﬁ@gz&yﬁ 3.4.2, 2 4@3?& 3 cniy) o
E Ejea%@ ﬁ@m@%@@ @&323 be token fer @a@a ﬁﬁﬁﬂﬂg @ﬁ the ﬁy@t@%,_ &ftar e@cb te@t‘};

' @@fi@ﬂ E@@ @yﬁt@m ia r@@@nﬁﬂmﬂmaaaﬁ hw @%ggﬁ@g wﬁth c@mp&@@ﬁ@ﬂ @ﬁr, @nd

; r@@?@c@@g@ﬁ thzsugh the @1@@%@@@ cyc&@ b@f@?@ &he n@xt test. {2 2) fff'j5§f,ﬁ; 'ff
. i :. l._ . ’:_ g AN

BPS, ~H¢,A - S =5 =




6.0 Documenta;ion

¢

The resulta of each test shall be reported and shall include data sheets

prepared for the purpose, Coples of all original data sheeta generated

during the teat program shail be included in this report., Each data sheet

shall indicate the following:

1.
2.
3.
4,

3.

6.

7.

8.

9.

.10,

11.

12,

13.

14,

7.0 Recording of Data =

Name and drewing number and serial number of the component being tested.
“Type test progzem being comiucted,

Date of teat,

Specifications and/or assoclated test procedure documents to vhich the

Teat 18 being conductea aéd éée appropriate paragraph numbers.

Name and location of test facility, , "

Identification of test equipment employed including meters, gages, etc.

The specification limits fowv each value recordeq.

Identification of each vﬁ&ueAf@QOﬁded referenced to the specification,

or assecieted test pzo;eémge doeument.

Clear ddentification of any and all "cut»of»@p@gifﬂc@%i@a" geadings,

Meme of individunl conducting test and names of any enginearing witnesses
ineluding QC emgineering witnesses, “ . |
Records to verify: Cleaniiness of each component before each test,

systen ci@anﬁineaa prior to each test, gggg@ﬁgtr@ti@n‘dufing system charging,
contanmination purge efter testing. i}
MHame and 1ocat£on'of.the‘m@ﬂufacﬁufar of the component undexr test,

Time of beginning end ending each Rest.

Calibra;ion'd@te on all test instruzents intluding calibretion perfods

'iéﬂd next celibration date.

oBer




All data shall be taken on a éingle oscillograph.chart. Data shall include
valve curréﬁt, vibration lewtels, transducer outputs, and calibrationg
related to each.

8.0 Priority =

Specifications SVS 2631E dated 6=2-65 governs this test plan and applie;

where applicable.
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APPENDIX C

APPLICABLE PORTIONS OF SPECIFICATION: SVS 2631E AND 5I 2?;6, 869

SVS 2631E ' v

3.7 Cleanliness - In order to mest the stringent leakage, life, environment, and reliabi-
lity requirements of the system application, it is nscessary that the utmost care be
taken to assure that the assembly is free from actual or incipient contamination,
Operations in Paragraphs 3, 7.1 through 3.7.5 and 3.7. 7 through 3, 7.9 shall be ac-
complished in an area equivalent to a clean room, The procedures, methods, and
operations listed bzlow shall serve as a gulde in achieving the cleanliness require-
ments delineated in Para, 3.7.4. -

3.7.1 Part Degreasing - After all fabrication and test processes (except final as-
sembly) heve been completed, the parts which comprise the final assembly
shall be thorcughly degreased, The parts shall be mspected under an ultra-
violet lamp, 2500 to 3700 angsiroms wave length, to verify that this condition
hes been attained, Thereafier, the parts shall be stored in plastic bags, or
other containers, which ere equally clean, until ready for aﬁaembly.

. 8.7.3 Inspection - Prior to a%embiy and efter fabricatien proce@@es have been
completed, 2l paris which comprise the final aszembly ghall be critically
examined to agsure fresdom from burrs, festhsr edges, oitoshed slivers,
or euy cther gimiler typs perticles, which could gubsequently become dis-
lodged, The exomingtion shall elen incinde a caveful check of platings,
contings, or other finlshes to assure thet o satisfoctory bond exdsts and that
there is no denger of folking, peeling, or oiher possibkle @arﬁﬁce deterioration
which eould consiitute a contaminztivn hazard, )

3.7.4 Asmmmv m@m:@@w o Emme@iz%};y prior to the aﬂ@@mm? opsration, all parts
which conetituie &h@ final ageembly {sohiding shinping covers, port clogures,
shinning bogs, elo.) shall be thoveughly clzomed using precedures and equip-
oend which will provids en essemnbly which is clean to the level spesified
herain, The gaces and Houids used In this process shell have besn p&ﬁ%ﬁ
finally, through a S-micron abeolute filtar. The clezning equipment shall
- ba go arvenged that contaminetion connot gt fato the Iramsdisie avea of the
pavis belag cleaned. Asserably or oiher tools which will coms i contact
with the pevis being acsemblad shell be cleaned to ths game lavel as the partas,
. The paris shall bs clesned wntil the final vinse solution contzins no more than -
s number of particles chown below p@r 100 ML of g@mﬁ:&@a ﬁﬁzared th‘rtmgh
. a @taz;fiﬁrd gi& mﬁw@m fitter, TR S




Mazimum Number Particles

Pariicle Size (Microna) Metalic Nonmetallic (max, dia)
16-286 No Requirement
> 26 30 300
> 50 10 100
> 100 0 : 15
>150 . Nonallowable

Maximum allowable fibsrs:
50X 500

3.7.5 Assembly - Assembly technigues which minimize generaiion of particles

3.7.6

ghall be used, Where the assembly is compcsed, or can be composed, of

_one or more sub-assemblies, these subassemblies shall be cleaned in

accordance with Paragraph 3.7.4. Precautions shall be taken fo assure that
parts and subassemblizs contain no residual cleaner, either as a ligquid or
a8 o solid residue, Handling of parts shall be accomplished only through the

use of clean rubber gloves and tweszers, or other assembly tools, cleaned

m acma‘dzm@e with 3,7, 4 above,

Tesoting - Tha cleanlinses level of the scsembly shau be pr&e@%ed at all
%_mgs dwmw the tecting operatisn, The inlet of the assembly shall be pro-
tested by externel Sltors having & 10 micran ghoolute vating, cleensd in
acsordence with 3. 7.4, X filters cannot be directly attachsd to the assembly,
the ntermediste {iiings vsed chall be cleaned to the same cleanliness level

. ap the eagcnbly paris, ¥ pressure messurements eve reguired betwesn any

- componsut and the extermal Hlters, the pressuve tap shall alzo bs provided
with filters la acsovdonce with the foregping. The fiters shall be applied

to the ezcembly ia gn avea equivalont to 2 clesn room mesting aves, end shall
not be removed vatil testing has boen c@m@em. Removal ghall also mke

gﬁm@ under the same conditions,

) Duriag te%ﬁ.mg@ a’g@y othar @mem%mm nesessery o aseure thet the asgembly

3.7.7

3.8

_ will remain clean shall be insoxporated into the test procedure.,

Exiarior Cleand ipg - At e @@mwﬁm of testing, but prior to the removal
of ezternal ﬁL@m, tha agserably ghaﬂ b2 clesned externally using the methods
ami meagvrements of 3.7, 49 : '

FmJ CE@@W@.&@ - A% the time the p?m@cﬁve filters ave remwed i’mm the
agsenbly, finzl fushing end peckagziog shell be performed, Flushing ghall -

ks ascemplished by flowing trough the assenbly with a ligeid solvent or

goscous fuld which is compeiible with the gssembly meterials aud o fushing
reta which sholl be spproved. The fushing time ghall be suflicisnt to assurse .
et all swfoces heva becan edequately exnosed {o the clesning action. The

~ finch fluid, belove entering P9 assembly shall be filered to & S-micron ab-

solals level, Flushing will mmm until ﬁzﬁa paz@i@he count does n@t exc%d

. that sp@@iﬁ@fi in 3 ‘?QA&. o




3.7.9 Packaging - Precantions shall be taken to assure that the assembly contains
no resicual cleaner, either as a solid, lquid or gas, At the same time that
the system is receiving its final cleaning, the packaging equipment shall be
cleaned to the same or better cleanliness level.

The inlet charging poxrt shall be capped in accordance to the requirements of
Drawing 237TR473, and the nozzle cutlets capped with protective elastic. rubber

covers,
SI 236, 869
s L nerne STANDING INSTRUCTIONS sicoie ame cease Bevisiem
BECURITY CLADS, INITIALS . EXI N -
UNCLASSTZIED DCS fvat 235,869
ﬂ.‘VIJCON NGO, T DULERILOTD BUTET M,
1 10/9/63 9/12/63 8
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(POR UBR OF GENERAL SLICTRIC SMPLOVEES OnkYhe

4 . 3.0 coxraanarion

Afrborpa Coneanindng == It 18 required that the follewing airborns cone
taminaticn limits be hald forthe seni-clean aress vhera ghs contaminant
sonsitiva surfsces of the spacscraft muat Y wxposeds

3.1.1 Operatipe Limie o= The following pavticls ecunte chall not ba
cusendcd vhen mado tuies per wask {a the wannce described fa
Pasae J.9.1 balowt

2 « 100 by )
3100 - 209 [
. gwer SO0 1

Bozezde ehall Bo Wept en the sizborea ecunts fop all agprepriste
ozoas. £ now erea chall bo veod vatil guo eonscaulivo ocunts
zo03s the atwve peguivenmt, | I£ routing seunso in goy ced gvea
emcond the valves givea, cerrostiva miacured shall ba tzhen. Thess
ehsll eeln tho fota of imsensivae eleanisg, £ilte? vonsval, G%3.s

wnzil eporeting onnisa 62a Bol. &f 4o eonditl.n cowned U eorzaneed

in eha poma Goy, the {asifent cheld B toeated es a rhudlem.. (Zea
Pass. 3.&-3’- . .

3.3.1 Pooumazisg -- A1l werk iavolving elesateg, ecsesbly, iastallatiea,
dicassembly and Tepolr of the poewatics hacdwaza chall ba accome
pliched ia existing ¢lean rocm facilities. The standerd oparale
end chut dovn eoadizions for cleaa Fosa ares will apply.

1z is meodatory that sll of the p tie % ta cleanzd by
purgs with elasa dey gas, prior &o inseallatieca ia tha system. I
thess pores must leave the cleza erea bufore tha systen is sealed,
they oust ba coaled La plastic foz Cransport to onz of the semis
cloan mscenbly of £os¢ scaticas, (Ref. FSE 217380 & VS 2531)

3.3+ $1ip Rins Accrmhly ~» Tals iten i3 in plees ia tha vehiels vhea
sosenbly lowel deflling tskes plass. 22 i3 a soqulzenumt that @
Eust eiht ecves bo iootalled ea this wult pris? e any 8ziliing
acd thas tha eover o elasned pricr to its mamovel after all sueh
posenbly lovel sashiee eperaticas bove beia eozpleted.

s ol . BEEUATYY CLASDy
NE- 2 )

UECLASSIEYRD -




APPENDIX D

PESTS FOR MICROBIOLOGICAL EVALUATION OF A COLD
GAS ATTITUDE CONTROL SYSTEM

D.1 ENUMERATION OF THE VIABLE MICROORGANISMS EJECTED FROM A COLD GAS
ATTITUDE CONTROL SYSTEM

| D.1.,1 INTRODUCTION

The release of microorganisms in the ejected gas from attitude control and thrust vector
control motors has been indicated 25 a potential scurce of contamination of concern to the
planetary quarantine control program. The tests set forth herein are designed to providé_
an evaluation of the levels of microbiological contaminants generated from such sources.

The information cbtained will provids mfomaﬁon as to the control requived, if any, to be
imposed upocn such systems,

The tests for enmemtmg the viable Amﬁem@rgméns @3@@3@ in the gas from such systems
involve firing actual metors pmmnmzad with typieal gases into adeguete chambers and -
recovering any visble micreorgealems by ﬁii@:@r’mg the exhoust gam;s and then p@rformsng

a mﬁcmbﬁaiogical a@gsay pmae@um 'azp@zz ﬁ:ze ﬁiﬁ@r. 3 :

',,'
T R S

The faﬁwémg pﬁfd@e@are haa b@fm pmm@d ﬁm' the speciﬁc ?mpwes of this %&&périmeﬁtal |
- program and bes employed, as much as possible, precedures or parts of procedures walch
have recelved some considsration or have besn recommendsd as "Standavrds" for varicus

' gx'mzps for mﬁwa purpss@ﬁ @eﬁemﬁe@a 1, 2, and 3)'.,

D. 1 2 PREPARATEON AND STE&&EEAH@N OF mLTEB HOLEEERS R I
1, Cem&m Progulsion Gri’%p ggem@mwl (‘chager Plemetary Quaranﬁm Smdy Smdy Taﬁk)
A‘ sha}i load Geﬂmem ‘end/or Millipore hﬂhw@rﬂgwra farts] mm ﬁh@m@m with membrane ,
h £ters of thelr cholze, | ﬂ‘hﬁgrm@i@@ &@@Mg E.gmm back pmﬁs@m end flow rates Involved, ) h
K A% that tima, ﬁh@y&m&l M@fm cogalzant Eé.@sé;_éémes Cperation g}emomei g8 to wmch njxerh«- ‘




brane filters they emaployed, imcluding brand, type, and pore size, Blosciences per-

2,

basksts on their sides so thet plugged ends stand free. o

4,

5.

. 6,»

e

scenal shall log this luformeation luto Leboratory Log Book designated for these ex-
periments, - - o '

3

Cognlzant pereomel of Biqsciénces Cperation ghall plug both hdlea of each chamber
With nonabsorbent cotion, A large encugh plece of cotton should be used so that there

| is good resistonce when cne attempts to pull 1t out after it has been screwed info place,

Blosciences Op@mtion personnel shall place chambers in metal (a,hlmmum mesh)

40 e

Sterilizs chambers in basksts for 15 miﬁuﬁss ak 15 pai ‘of steam a,nd 250 F using "Fast
Eths%" mode of sutoclave. " ’

Rem@ve chamb@m m heskats immedistely from m%oclava at end of sﬁerilizaﬁaa cycle.

i 8@:‘@1@ as’serﬂim:r mﬂ@m‘i to Lm@mt@fy Log Book,

‘ P&a@s basksts containing chambers in eshizet in Rocﬁn 8619 designated "Sterile Hard- -

ware aud Glosswars Only," Discard and noie any chmbers on which sterility may have

be@fa cmngsmmi%d for any veaszon whatsosver {e.8., 1ost ocne of their colton plugs).

N Storilizs and store chamb@rs on their eége&g m_g__@ on the sides ccmtaimng the caﬁm‘plug;s.

Bieacimceﬁ Op@mdzm will hold filter units in "bonded sterile storage." They will bs
. delivered by Mesgsra. Keplen, RBalteson,znd Koegterer or their designated representative

'to a cogmﬁz&n@ individual from the Propulsion Group, Voyager Planstary Quaramtine .

Study Task, Chambers will be logged inlo Laboratory Log Book when they are received L
from ﬁh@ cagnizam m&vidmal or his representative, upon completion of experimental

expo&ums, Chambem will bfa logg*ad out of Lab@m@@r:y Book whe:a ﬁzey are turned over

tosame.




D,1,3 MICROBIOLOGICAL ASSAY PROCEDURE

1,

2,

Log chambors back into Laboratory Bock when they are turned over to or received
from Propulsion Group cognizant individual, Log time of receipt, condition of oha.m_-

bers, and comments concerning exposurs, compromised sterility, eto,

At:opfening of filter holder, visually inspect for Integrity of filter in presence of Pro-
pulsion Group cognizant individual or Quality Assurance personnel, Note any irregular-
itles in Labofatory Book,

Proceed wifh assay procedure as follows: ‘

(8) Remove membrane filter from filter holder by using sterile‘forceps on a bench in
Room M8619, previcusly decontaminated with 2 perceat Vesphene sclution. Plage
filter in a sterile Waring blendor cup (seml micro monel) fitted with a cover, Add
50 milliliters of sterils 1 parc@m peptone water ag@pﬁcally and macerate the
filter membrans by blemiing at Mgh ep@ed for 3 minutes. '

(b) Blend or vortex ail volumes or dilutions of ﬁum immedimly before plaﬁm
ifa blended filter hes hed to stand for lmnger than 1 minute bafore plattﬁg, place
~ back ca ‘blendor and turn to hig,h spe@d for a few seaends. L

() Plate three'5 ~m1 alﬁqmt@ of mgml dilution (dflution facter = 1:10). Plate
three 1-ml aliguots of originel dilution (dilution factor =1:60). ~

{9 Heaﬁ»e}z@ck 25 ml of origﬁml dﬂu&:ﬁ@a 83 f@llaws' o

Ageptically pipetie a 25. 0-ml postion of ths blended susgamiea into the bo@tom
of a separais sterile test tube (200 x 25 nm), fakiag cavs not to contaminate
the lip or the sides of the fuba, Tho rinse flaid contained in each test tube 1a
h@ﬁt«»@h@ci@@d ‘by piacmg inam 80 C waltay bath for 20 mimtes, Make certain
~ the wator bath level s g8 least 1 inch sbove the level of the licaid contents of _
sach test t@&zsa being boot-ghockad, Tubss conizinieg hest-ghooked m&p&mﬁmr
. may ba esc‘%&d by pﬁwmg ﬁm a b@@%ﬁ‘ of %@p W@.’%@r ﬁmm@@;ﬁa%@iy afber comgﬂ@%m of
| hea:& Sh@ﬁk es{p@a@re. - ‘ ' o C |

’ ‘2’4\" D-3



(e) Plate thres s_mj ‘anquots of heat-shocked solution, Plate three 1-ml aliquotg
of heat-shocked solution. - ) = S ‘

() Plating procedures: Aseptically pipette aliquots indicated from blendor cup or
' heat-shocked tesi tube into 100-nm-diameter sterile petri plates (D.1.8).
Add 20 m1 of sterile, molten (45-500C) Trypticase Soy Agar (D.1.9) tévég
each plate and mix the contents by gentle swirling. Allow mixture to sélidify.

[

(&) Pour one control plate for each batch of agar and one control plate for each"
‘ package of dispbsable Petri dishes. = . R
?"D 1.4 ENCUB.ATION | o S .
" All peiri plates from above wﬂl be incubated inan inver’ced position aerebically at 32 C : _
for af least 72 hours. The plates will be observed and any colonies forming will be comxted ]
&fter 24, 48, and 72 hours. L o T e ' B

' D.1.5 COUNTING PROCEDURE B T T e B T
Commt colonies at 24 and 48 hom's on Quebec Celcny Counter with p«ef:ri pla.te iid in place.
At 72 hours, final ccmm may be mad.e with lid off. Caunt all colonies, including surface L

and sub«»surface tmes.

UseAgﬁds on Queb@; Colony Couxnter as atd | counting, Start from upper left and count

all colenies to right and above grid lines. Move in an orderly marner back and forth across
plates so that colonies are neither missed nor counted twice. Record fragments of blended
membrane filter from bacterial colonies. Differentiate count as follows: B= bac:&eria, .
F = fungl, and 8 = spreaders, The perscn performing assay snd/or counting prmedure'
shall be clearly identified as well as the date and time of each observation, Data record
forms shall include untreated (raw data) as well as calculated resulis per ﬁl@er. All pro—
cessimg and reduction of daia shall be pafi: of the da*?ca re@ord shee‘t format. S

D4



D.1.6 CALCULATION AND REPORTING OF RESULTS |

The average colony count from each of the thres plates in each series (nonheat-shocked
and heat-shocked, aerobic portions) multiplied by the reciprocal of the dilution factor
equals the number of microorganisms and spores rospectively 'eni;_fapped cn the filter,
Report to Propulsion Group (Voyager Planetary Quarantine Study Teask) the calculated
average total mumber of organisms on the original filter from each filter holder. The
average number of microorganisms or spores récovered divided by the volume of gas in
cubic feet assayed will put the result ca a ufnit basis for comparison and final reporting
purposes, Thisg last calculatign, however, is the responsibility of the Propulsion Group.
The data record of Biosciences Cperation personnel ghall be kept in bound paginateﬁ data
books as currently employe& by them for laboratory work. All entries shall be meade in
ink with no erasures. Alte_afat‘l}ons, chenges, or additional notes send/or comments shall be
a.déed by cressing out the written material and making such alteretions 28 required at that
* site, The fiiter holders shall be nmb@reﬂ individually end ea.ch run shall idefatify the '
_speciﬁc anes empﬁoyed o N

':@17 CONTROLS . | e
| Early experiments ahwld b@ pﬁff@me@ sﬁm&ﬂ&ﬁag the entira %aay pr@cedﬂm (iar nenheat-
»sheci,.ed %mhm wgmismg at 1@&3&) to V@rﬁy the actual level of incidental c@mammmion o

thm may be emainmd m the ae’nal pmc@dure, Presuming that ﬁm &ecﬁmiqws will verify
that only very low leve}s of Encid@ﬁml mntamﬁn%ﬁm result from t%ze pr@rﬂedum, it would not
be neceasary to TEn cane %@ each '&ima, bu% cmy peﬁsﬁic&ﬁy thm%z@h@m the gzeﬂofd ei e:mer-
imemal eﬁpwmes. c ' oo : ’ |

,D;l.a’;mag-a?mggmg mmEgms B

1, Hzgh Presmm Fﬂt@r Holdefs- L

‘ Gelman* Catalog Mm?ﬁeg' 3.1101
| Mmig@re** Catalog mmw "KX@S»%%@O
. *Celman m,amﬁn“@ﬁ* Sempm’zy, m mb&f Mi@’zwm ST e
‘;m Mm&p@m mm E@fp@?«wim, Be %fsi Maae mﬁm&“&%s I R




,

é@p@ﬁ%g up@n Eem& of tme %o be heéd pri@r to use. S

) 2. Membreane Type Filters

Gelmen* 47 mm GA (putoclaveabls) typs (or equﬁvalem)
pore sizes 0 45 {GA-6) and 0, 80 (GA-4) microns supplied in pack&g@s
certified by tho vendor as to the pore size, etc,, of the filters, k

D.1.9 PREPARATION AND STERILIZATION OF CULTURE MEDIA
D.1.9.1 1-Percent Peptone Water

Suspend 10,0 g of Bacto peptons®* {or equivalent) in 1 liter of distilled water., Adjust to
pH 7.0 with HCL or NaOH. Dispense as requirved (put approximately 52 ml into square

screw capped bottles*** or standard dilution bottles). Sterilize by autoclaving at 121%
{ZSOOI") for 15 mimtes using the "liquids” cycle if an automated sterilizer is employed.

B. 1, 9.2 Trw‘" 29 g@y Agagaww

Susgpend 40.0g d@uy@m&@d Trypticass Soy Agar (or equivalent) in 1 liter of dis‘e‘:iﬂed water,
Heat gently with froguent &M?We‘im and bodl ﬁ:‘@r 1 minute, Dispense 300 to 250 ml into 500~m1
@em%em@@ﬁ Erlenmeyer ﬂ&ﬁm or 600 o 650 ml into w@ﬂ«ml screw«aeagzped flagks. Place )

| cens Beoanay on flasks, smd a‘e:wﬁize the 50@%1 sized Eﬂeﬁmeyer flasks by amgclaving at

12100 for 15 mmws@a and the Hm gize Eﬁ@meyer flask at.121°C for 20 mim&eas. B auto-
meted sterilizer Is employed, 3@1@6& "Eﬁqaﬁef%" cycle, After sﬁ;erilizaﬁen, remove flasks

| _ivcm gﬁeﬁﬁm@r a;&ﬂ allow ﬁo cool b@f@m &%ﬁ&nﬁng caps, or remove to 50 C water bath, if

to be used ﬁmmeﬁia‘é:ely.

Stevilized agar In gealed, screw-cepped flasks may be remelﬁed no more then twice, Mélting
can be accomplisked by placing in boiling water bath, or autoclave (just bring up to 15poumds

'Apressure for 3 mﬁm‘t&s) All media should e stored ina cl;eam closed csbine‘t or refrigem%ed -

*Gelman Instvirnent Compeny, Ann Arbor, Michigaa
**Difeo Laboratories, Incorporaisd, Detroil, M)chﬁgan
*’F*B:ﬁmﬂy Products Compauny, Chicago, [laocis B TR
****Bﬂﬁm ore Bm}ieg;ical Lah@m:,oﬁ@s, mmmemzed, Baiﬁmem, Maryland




D.1.9.3 Peiri Plates
Type

Commercially available, disposable, sterile 100-mm-diameter and 150-mm-diameter
petri plates or glass petri plates of similar dimensions are acceptable,

Precaution ., o _

Sterile, disposable Petri plates have the advantage of being ready for inimediate use, but
occasionally the sterility of certain lots is jeopardized. Therefore, controls should be run
from each separate package (sleeve) used. If reusable glass petri plates are emplbyed
they should be washed thoroughly and resterilized. Speciﬁc procedures are available for
this operation.

*
N

D.1.9,4 Cotton Swsbs

Commercially availé.ble cotton swabs {membs@rbém cotton), fivmly twisted to 3/16 inch by
3/4 inch long over ome ead of 2 6-inch wooden gpplicator stick.. The swabs shall be packaged
individually into sppropriate-sized test tubes, the tubes then being plugged with cotton or -
serew ceps (loaseﬁed during &%rﬁﬁmﬁo@) with sweb heads away from ﬁze clmm. Swabs
can be s&erﬂized bfi auwciavmg ot 121% for 15 mimaﬁ@s.

D. 1 9.5 Bleader Ap%mms

Semimiem monel blezide:r cups® (or ewﬁv&ieﬁ&) with covers ara g&ﬁi@f&c@@fy for macerating
the membrane filter. They must be thoroughly eleaned fa detergent solution, ringed with
.ﬁismlmi water and gterilized prior to uge. Sierilize by auteclaving with 1ids ajar at 12100
for 15 minutes, I automsted g%e*rmza? is used, a "dry" cycle may be emplcyed. The lids
shazﬂd be ﬁmiy i) piace when removing ﬁ'ém sutoclave and then allowed {o cool in a clean
area. Any blender base that has a slow and f&at speed (8 £00 and 15 000 rpm, respectively)
is &iequaﬁ;e i’az’ @mr@zﬁﬁgm@ cmer assembly. o s T

| *Avaflable from Bberbech - o




D.1,9.6 Low-Level Contamination

3

When the numbar of microorganisms ejected is suspected or determined to be very low,

it is advisable to resort to an alternate microbiological assey procedure in order to make
sure that all organisms recovered are counted, A serious drawback to the procedure to be
- outlined below is that aggregates of bacteria may develop single colonies rather than mul-
tiple colonies. Because of this, the original procedure should be used to establish whather
the level is less than 30 micreorganisms on any one membrane filter, This being the case,

the following protocol may be used.,
All of the procedures described previcusly shall be employed except as follows::
a. Ase@ﬁcaﬂy remove membrane filters from filter holders and place each filter

on sterile solidified Trypticass Soy Agar in separaie sterile Petri Dishes.

’ b’; Pour just enough meﬁ:ed (less thﬁn 50° <) Tryp’%icaae ﬂoy Agar over filters fo
cover them, , : '

©. Allow sgar to solidlty, invert snd pE@.c@ in 32°C meubator,
'd. Count colonies that deve‘i@p at 24 hmrs, 48 h@um, 72 hmra, mﬁ 1 weess. o

'- e. vRec@rﬂ c:ﬁcml&%s, report as outlined I Pm I, Sectiom D L1 i:hrozzgh D 1 6.

D.2 EWE@EM'E‘E@N OF VIABLE ORCANISMS ON THE H‘ITERNAL SU’RFACES OF A CCLD
G&S ATTI’}@ UDE (}ON’"‘ROL SY@TEM

D.2.1 mmwﬂc'rzow ” | . |

As an adjtmc% to gtudying ﬂm con‘crol of micmbiolsgical coﬁmminatian by means of asaaymg
zviable e;ecta, it is useful ﬁo estahlish the level of surface contamination which can be tole-
o rated on the hardware empioyed Attitude control sysfcem hardware underg@es a series of

cleaning procedures to reduce particulate ccmtammaﬁon toa predef:med level, Although
“only par‘ticula&es are assayed, the cleaning procedures also produce significant réduction :
‘in the level of microbiclogical contemination. In sddition, the firing of the aitiinde metors




itself may have an effect on the viability of microorganisms sloughing off hardware surfaces.
Cleaning procedures and firing may thus be helpful in mesting Planetary Quarantine and
Sterilization requirements. The procedure which follows has been generated in order to
assay the internal surfaces of a cold gas attitude control motor system,

D.2,2 SECTION A - FLUSH TECHNIQUE

1, Flush a minimum of 100 ml of sterile Freon, 1 peréent peptone solution or liquid
culture medium through the component involved and collect in a sterile boitle, Use
aseptic technique when opening the solution t6 be employed and when introducing it
into the hardware component.

2. Plate three 5-ml aliquots of original dilution (dilution factor depends upca amount of
rinse fluid uged). '

' 3. Plate three 1-ml aliquots of origiml dilutién. .

4, Aa@p«';i@aﬂy p@@t&@ 25 ml of @rigiml dﬂu&ifm m‘&o a steﬁle test m&:e (209 b4 25 nm) and
md hea?; ghock as mﬂm@d in D 1.3, B ‘

5, Plate three 5-ml ajﬁquoié of heat shocked portion, L R
6. Dlate three 1-ml alouota of heat shocked poriion,

1. | Mzme, coumt, record, calculate, report as outlined in Sections D.1.4 through
. D.1.8. | SRR, :

D. 2,3 ‘SECTION B - ULTRASONIC cmANmG SRR
1. Plug ends of component which has recetved flush tmaﬁ:m@m with at@rﬁe mb%sr ea@pperl. a
B If this is not p@gsm@., plug by some cther memez. I tternal pavis ave o be ulirasea- .
o i@aﬁy cleaned, émw@mbge a&m&k&ﬁy and p@c@ @aﬁs QE Eﬂmr@s‘& (?mﬁwf s&afﬁza ﬁ@m@pg)
;iﬁt@&@mﬁ@b@&i@. o T R ' ol




Desonteminants extsrior of plugred component by exposing to E,hyiane Ox:ide .

2.
(D. 2. 4) for 4 howes or more In an Isolator (D.2.4) whisch containg sterile
seiton gwaba, 70 psroent iscpropanol, ghorils forcepas, other tools for opening oom=
p&aﬂﬁt, and 2 bc@ﬁ@ (@}Q%@ﬁ) args encugh to contain the component and iis parts.
3. Exheust ETO with room alr for 1 hour or more using isolator fan, - -
- 4, Unplig component and, if nonsterils closures were uéed, swab ends with 70 percent
_isopropanol, - ' -
5. Digaﬂsmble compo:zem in 1501@@@ and pla,ce all par@s in bottle set aside for this
DUTBOES, Gi@@a b@%&@. S
6; - Opsn iscletor and romeve holtla cmmﬁmﬁg @@m@@mﬁ% @Mm : -
q . A2 %"’w@i‘jyy md GRoY g;%a 1 percent zzwk&ﬁm to @ll baéi;les coa@aén@g hard*mm ef iné;erest
- i 6evax 9&’4 xw&@s mmw& et cﬁ”‘ solutlon used In each @ase. : L '
8. Tm ot bottles m gj“ﬁg g}g@mgp _‘gg{;g (Bo za@} for 12 mimi:es. Make sure wlume of
8 §é§_§§i"1 in beth in sbove that in bettls, . SR S
9, Dlote thres Bml aliguols of @rig.’mﬁ ditution,
10, ‘??Ew ﬂz:ﬁfw immﬁ &sﬁf‘"ﬁ?@&,ﬂ of original @ﬁ%é@n, = )
11, Asegienlly p@e&% 25 ml or @‘tfigimi Silutiea 5:3450 test tube end heat-shock ea :beﬁere./
12, Plate theee §-mi aliquola of ke »m@ ke@ p@m@m‘
18, PE&’:} three a, «»mz @1*’ -:3‘@;‘5 h@ «-»mmz’; 5 pammﬁ, =
"Eﬁz@aﬁm@a, m@@gé mm% @&E@@ﬁwe, z m 28 @@*@Ei&wﬁ é:ra Se@*&wﬂ@ D 1 é %ﬂf@uua D 1 ﬁ.




D.2.4 ULTRASONIC BATH
The ulirasonic bath (Brauson Instruments: genem&m', A-300; tank, LT-80; power conirol, o
PC-30; or equivalen‘;‘i) shall cenform to the following specification: '

() The fre@uéncy shall bs 25 kc/sec. A

(2) The power cufput In relation to bottom surface area of the tank shall be at least
2.3 w/sq. inch (0.35 w/cm?2),

{3) If the ultrasonic bath is not automatically tuned tuning shall ba performed
according to the mamifaciurer's direcﬁom.

(4 The in;sid,e surfaces of ﬁm ba:a:h shall be smmless—mel. .

{5) Glass botiles c@nmimﬁw piecenparta or stainless~steel gtrips shall be supported
ontheba’*&om@fthemk, S

{6) The ﬁaﬁk fluid ghall bs en aguecus @aﬁu@i@ﬁa c§ 0. 3 parceﬁt by volume pclyoxy- :
- e‘e’:ﬁyswe s@r’bi@,ﬁa monc-eleate (Twasn 80).

%{A‘?}'f’i‘hﬁs %m; m:'mf@ of the both finid sholl be ot loast 25°C ond ab@.ll not e@ceed 37°C, o
@?‘t@ %nzf;h £lerdd sa‘iw?i b3 @2"%?‘*&:3. mﬂmﬁ&m&y in @m%az* %‘@ g}:«f@vem he&%ﬁp. :

o (8 The bath Heutd shza.ﬁ bs at l@am 1 tn0h shove the level of the ﬁ@m im the bo wles
R %mw ultresonisatod.,

gl ,."""yr‘ .

D.2.6 FPROCEDURE FOE szsz:«*amm STERILIZATION EMPLOYING ETHYLENE OXIDE
, D,z 5,1 Amw:ama S ‘
Th@ spparalis as mfmaﬂy mazﬁ @@mmm eﬁ ﬁm &,ﬂmfﬁ@g, :
8. @a%;«met

f 1 ‘ F.’a@ bﬁe ‘i ::a?;mm (FE@@ M,@ g&ﬁa&*f’i@ h@@d @z' @m@&wa mmh:ar of PVC)

| T (za,) P@ﬁ @r e@m&g ﬁ@ tien @f E‘”“O

@) @Q*"ﬁsﬁ“f“ M@m’"’“ 3 izolator &Iu@z‘ﬁ”ﬁ*ﬂ?’“éﬂy 18" @ﬁﬁma@*@z‘ Wi@h ixmer P
: W%@eﬁ ?@@?@33 oo e

Coam



b, Decov‘atmnina%inm/ S%erﬂszino‘ Ap‘em

The agewt of chofcs I8 an ethylons m{ide {ET0) di gholorédiihwmm@tham- (Preon—lZ)
mixture (12% ET0): 88 pevcent Fraon-12 by weight) packaged in a lguified %ate
in gas cylinders,

The proper introduction of the stsrilant requires that the gas cylinders be
attached, through pressure reduction, heat exchange and valving equipment to
~ the chamber, _ 4 ‘ ,

D 2,5.2 Method of Operatioﬁ , 4
- Insure that the aixr fmraii(m system is in proper working conditicfn and that every leak is
repaired Check the ETO heat e:».chaﬁger and the gas supply tubing for leaks, - '

a, Remove the ﬂe‘;ible plasfcic cover on the entmnce port bj removing ﬁ;he mhber "
o bami or "O«rmg S
b, Plece in the chambesr the itema %@ b mm or a&s@yed, m.so aad eny cther
equipment such as tools, zoalad culiure media, decontaminating agent that may
bo requirved. Makn suve thot no contast geals ave mede with any part of the '
~ chambor which mi@fz@ act 23 & harrier to % wmeaﬁsm or p@netmzim of %he
Hﬂtpfiiéﬁto ,'m'f,\,,_' . i . NN
h _ 8, Eeal the wmit by r@ﬁaﬁmgg tha m'«mar on ‘Ez&e @g}@nmﬂ ami %ha mbmr b@mﬁ ta@e
' or O-ving, e . co T
T Add the ﬁéca@m@ %m?; water '(6@ %0 8@%} %o paﬂ E@idmg the ha&% eﬁmhaﬁgéf i
{copper coll) leading from the ethylene oxide dizpenser into the chamber, o

e, Before ehg?g’mg thae chembar with the sterilent, make sure thet all of the ports |
of the filter apparatus ave clesaed with rubber stoppsrs or plastic fﬁm coverings
and ‘éha’é: the ise&aﬁ;@? iz collzpasd as c@m&s}m&y 28 pawi&s}e.

Emer the sierilawt as 8 ggws. The gas (ETQ) is slmv?;y paased into the line by
cpening the valves from the chamber to the stevilent dispenser. First, opean
the gas eylinder valve; then slowly cpen the valvs leading o the heat exchanger,
When the hood is mflated ond the predetermined amount of ethylens oxide hag
" been sdded, turn off the velve vemmiating the BTO end Ist the hood desoutaminate
. for the thme requived. (A mirdowm of 6 hours iss mcammmdm w’dx an ov&migh.
o ,pwﬁizd of 12 to 16 h@@z‘s ﬁ»&ﬁmﬁﬁ@ : ~




f. Afier the decontamination treatment, aerate the chamber by passing air through
one of the complels sterile air filtvation epparati through the isolator and out a
second filter, Breathing of the chemical in the surrounding area sheuld ba avoided,

g. Proceed with disassembly of compcment as cutlined in Section D, 3. 3.

{ i

D.2.6 REFERENCES

1, American Public Health Asscciation, Inc. » 1960 Standard Methods for the Examination
of Dairy Pro@cts.

2. Manual of Micrchiclogical Methods 1957; Society of American Bacteriologists, McGraw-
Hill Book Co., In,, New York,

3. Stanéa,rd‘ Procedures for the Microbioclogical Examination of Space Hardware, June,
. 1866, Natlonal Aercnentics and Space Administration,
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APPENDIX E

SAMPLES OF QUALITY CONTROL LOGS
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Honitor Tools & Avea
'.,‘..
€ g0
a) Sterile foxceps | ¢ !:"J /
| | -
. : "L— ; - ” , (u: 1 .
b) Sterile petri dishes (&) per filter Y RO
: . -
1 ¢) Sterile Wéring Blender Cups (21) q N i l},' )
. - s
? PO AN
| d) Stevile pipettes - 5.0 ml., 25.0 ml. Vv \("i-
e) f©lesa work aveas. - o
é ) SR s U
- v-"/‘)j ' V " s Y .
. 2 | | Blemdtng e i
. | 4 a) Bterile foreceps used to xemove f£ilter paper /' g ’*1';3;3 .\
. . - _ . " : - I;’ ’
“ : FIRIENn 2R Fre 7™ " ' '
g K 3) Sterile Blender Cup used. | 2 N
| , : - ?
e) 50 mi. sterile 1% peptene water zdded to Blender| éz;,,,
cup with filter-mouth of bottle passed over Buenjen i
Burner, e A e - B )
~d) Uixture blended for 3 min - Hechanieal Timer _ N A Sy
A R - " i . ) é < " =
: k 32, : /:’:l -
N e) Log time of B;ﬁ.gu‘&ag ;34 P¢ 5
i 72 e ¥ . O
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B ""Wﬁr&:mmww : e Eicced NS
{fé;é:if ¥ ) §9\é Pa %3&"5 0 v @ff&w‘%g
e St e e = B WW% ERRETERS m&zmw"—w-
3 Assay
The following steps must be taken no 1ater than 2 hrs, - (_:i?)
after Blending - Log Time. ~/(’_\ 37 . -
; : 737y
\‘ _Ng_n»ﬁeg_t Shocked Portion T R
ARG | 3w, avn 3Gz Joml Pw%?ww-s DE & @\;‘,\‘“‘
v a) 5. 0 ml porﬁ'ions of Blender Cup aseptically pipetted] ¢~ e g
&‘ e e ; .
into {75 100 ml sterile petri dishes. Pipette passed
over flame,
23] ?E} D m} {a’m)mx} of gterilg e’ﬁg@)@;@;@g‘iﬁcﬁﬁg S0 8257 > o
= - © added to petzi dishmmpet?’e pasced over £lame. © '
| e :
/ —_—
@)' E"ﬁz&i‘rﬁxeﬁz g"ntly &wiﬂed émd mixed - Log time & date| - - - . '{;..?;j) )
onpletion, o /ﬂ‘;/ A D RPN
: s O =
4) M rture allewed to colidify. IR B - A\
Heat Shocked Portion
— , X B N
&) 25.0 ml portion from Blender cup aseptically pipetted - A ,Z‘)
into bottom of sterile test tube,sides of test tube
. pot contiminated Ey mixture. Test tube & ’pipette‘» - f
S R passed over flame.'
'b) Test tube h 2at ghocked in a 80«8306 watex ‘bath for -
- 20 min, I\"iechanicany timed, ZInsurve water level a min 5 oS
3 of 1" abova contents of tube, - . . ) SR B
=tec AR S D B ‘ L m.éf-\ NER ‘ @:ﬁmg N
EATRODUR L L s /Z/.. jg,..m,, y’w “’éw
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Test No. rilter “0/ - 7
' MISSILE AND SGPACE DIVISION '
: QUALITY GONTROL PLANNING Sheet.3_of. 4_
: /i’f&%\fd@. HO, WA :
} ; Ejecta-Bio Assay PRBIECT- voyager
oA AWM%&&L&» BVECE o
o, égf;\m MSPEGTION DEECRIPTION ?QﬁA@E@ oA
v e e A SRR 5 mem‘“ e e R R e e e e =
Gl 3-ca, atve Fwa ) o sul Ponjrows Jbi "2}-.{'-1”%)
e) 5,0 ml, portions f heat shocked liquid "'/'\f“
aseptj.cally pipetted into each of (@') 100 ml, dia
petri dishes (sterile). Pipette passed over flam
‘ A Py
d) Approx. 20 ml, of sterile, molten (50C) Trypticase \ SNy
Soy Agar added to each dish. Pipette passed over Llame."
o , — —
e) Contents mixed by swirling gently 10 times in each "\:',' s ‘,.3
divection. - .-
£) Log cbgipletmn ¢ime & date, - o
L - /-3 -6 ; . (
‘ ) Minture sllowsd to solidify. - b’)
R ".,11 i
a) All ) petri dishes placed in an inveried posiion S
" in an over held @ 32°¢ for 72 hes. - Log ‘s.t:afting»
« , TP —
gime and date. ,{,w«w{z{% IR g T
:)) Mo:nimx: oven i:.emp, once every 8 ‘hrs. '
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 ses.
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PECCTTRTHATION YETHOES

'5c;gﬂgzexnei@§a by feat. ‘Ghe application of hieat is probably the moot poeitive woong of

asgurdag sterility. ¥eat cterllizatisa 48 ueually performed in 8 steam autoclave or by

“the dey heat msthod A heat eycvie of 135°C fovr 24 hours would lower the nuvber of

viable resistent mierobes by a factor of 10 12 {meference 2). This would bring the
microbinlogicel loading 4n the ATS (16%) ¢o o prebebility of 10°8, 4f the process could
be epplied, Preliminary study has fudicated chas cortein components eurrently usad in
an attizude control system, paviicularly those with slastometer parts, O vings, seals,
cte., would not be able o withseand cthe sterilizacicon tiws temperaturs eyels and main-
tain thely gelizsbilicy, Howewer. the blological kill by heat sterilizetica follouws a

lop, rate., Thevafore, the kill probsebilicy would be veduced by reducing the tespersture
erdf/or tims of the stevilizacicn eycla, The reduced teumperature andfor timz eyele would

have less sdvernse effecte con component zelisbility and fumction Chaves B" and " of

attachment I {¥ASH Approved Trocedure) show gim: and tempevature for bactevial population
decrease of & 2o 1D decades. The Moreln Co. I8 currently under contract to JFL ©o 2ome

© deet a dosign aad evpevimzate) Investicotion end a fecooiBilicy deazonstreticn of a hoas

sterilized propulsicn system Results of this fuvestigorion chould provide Infevention
on componsnt son3itivity go tha eteviiicnticn tewlgwatures . :
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PIR {8260-00 R
Paga & .

3. Sterile assesdly iechnigues. JFLJ/Leckheed ,
4. Rehyleno Oside sweciliration efudy. JEL - L Roed
5 Pressuve tramsduser sgexilizatien. JBL - G A Ciewford

6. Sterilization of polymevic paterial JPL - B Hervey -

DISCESHION
An attitede control syscem of tho sisa considered for Veyaeger, thzt has been maau-
factured under cuxzent eleanlinces 5%&@&&3@2 and @gsem?!ed ip ot leas? e class 100,0u0
clesn room, con be expected €o hove from 10 o 102 visble ergenisas on tne imzerior
sucfeces. 7Tha number of orpanisms discharged by £iving a system hés net been detegs o
mined. Compongnt purginz with 1, gos koo boen ghown to Jucsense the cowponent wleco-
biolopgical lading hv en ordey of E:gaiﬁgwm. & covparinon teftwecn @ prype tegt énd
aetunl £1ishe conditions conust be sads with e@a@iﬁmneg slnte vibpagtor end cyelie
oacrabion effcass h%@% g qg‘xgﬁﬁy efoeted ero unkwnown  However, 48 @ w@r&& case,
88 canld ba- G’ﬁ%i@ﬁx ¢ chat che niczcheg ove G&Qkﬁﬁh ip prepogticn go the propeilans
£3
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| As of July 1966, only drv heat has been appzﬁveé by NASA for the siéwﬁliaaﬁon of p!anétnry

i
(i
<

landers. Refovenca 3-2,

‘“‘\ff@i}@f‘ a. .

Jpoves in sofl (Ref.
decades; §.2., from 108 80 10-4,

Dacontaraination, 1.€.,

3«»33

a veduction in bactorlal popila

iosucd on 21 July 1983, specifies the 12 heat cycles listed in
Tho D values showa in the fable ave based on heterogoncous mesophilic bactorial
The gpocified ¢ ﬁ?ﬂs will m&m@ %mz bacterial pepu‘imi@n by 12

tien without eomplete sterilization,
may ba achieved by any of the heat eycles of Tables b or ¢ depoending upon whether or not the
hardwars item ean be satisfactorily bieassayed, {Ref. 4.22-2). The D-values for Tabledh

are based on spores of B, subtilis var. nizer in plastics and the stated times achieve a 4-
decade reduction. The D-values for Tuble ¢ ave basced on spores in soil and the times achicve
a 10-decade rec‘mctifm. Surfaces may be def:enmmsmkd by cth)lcm oxide as specified in

 ESPPROVED BRY HEAT DEOCNTAMIKATION
ETOLED FOR HOHASSATALLE ITEMS
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o STATUS REPORT =

This report presents the work pevformed to data in the design, fabrlcation,
clesning and testing of a caid gas {Nitrogen? attltude control system to detare

mina blologlecal content of tha dischérg@'gas, The'system was designed to be

 funit ‘lonally similar, utilize typlcal ACS havdwave, and to have its internal

axaeas proporticnal to a Voyager-size attitude contxol aystem (ACS);

‘Tha AGCS consist of a propellent taunk] fili valvés filﬁar,.regulatora pressure
ﬁr&naé&e@rag s@i@n@i& vaive, thrustayr éné assae&atad tubing and fiﬁtingsa‘"éll
compoaontsrend the systenm wera cleaned in c@nssgmanwe with the Hﬁmhus“Satﬁllita
ai@é@ii&@sa sp&ziéia&ﬁi@m@ end aasamm&ed in a cleen room, The sygt@m was

)  &&&%@$&&@-@@ a‘ag ry eycle gwham&&iaé @f 8@@2@ ard 1@mw p&l&aa a@é bi@g&uwa o
kgéﬁiﬁéﬁg - Tho @ﬁﬁﬁﬁw“@ﬁ czs fram eaw% fizimg was f ia@a ﬁ ‘thw {?gh a @ aﬁ micren

»m@gaxaﬁé Eiiﬁ@?; Eaah fii*@& a%cwgma was thﬂn bi@assaynd 2o 6@&@%@&&@ ejecta
biolsodling. Yool mg w s alao a@aéa@g@d o ﬁatezmim@ ih@ effects of vibf&ti@ﬁ

o bicdlocharga, : o “‘.,_g_ ST

& Sekand

The shudy to detowxeine the @fﬁ@@ts @fv@z@?uisi@a ayat@mﬁ.@m the molntensnes
.@E Hows plo ﬁﬁgagy guarenking is b@ﬁmo Q@ﬁﬁu&&&d as p&rt of &h» V@y&@eﬁ ?agk G
iaﬁemaxy Quaranting Study I ?@5£Qme 4 p@?ﬁﬁ&i&l s@uzeg @f @@Qt&miﬁ&tﬁﬁn is the

x@i&%&a @5 v*@w?@ orgunizus fweon the spareey ai% eoiﬁ gas 2k &itvée aam“mal sysn_i‘

ceg oy -y &

R o T&@ 3 gas. syehen s c,ﬁa_?ai;g @@&F“ﬁaum iﬂ Ewo phasas, 2} a %ﬁ&@f&%@%@

ﬂ

goereh, o goln dota en the offoctivonnss of va*:@ms %ﬁ@iﬁ”@ @1 contzol %ﬁ%?




ba gjagt@d from an ACS, and 2) a test pr@gram to detexmina the quantity $£~
organiams diacharged from an ACS that has b@an cleanad und@r standard ovr
nozmal procedur@a,‘ The literatuve search was completed in Octobar, 1966, and
.is renorted in detail in Appendix P, . Data obtained frpm the literature searxch.
ravealad that havdwara compbnent&, after spééified'ciééhing, can ba @xpacteq to
contain appyroximately 2000 viable‘organiéma {spores) per square feet of internal
surface, and thgt purging of hardware components with nitrogen gas‘Qas relatively
ineffectiva"in'f@ducimg the internal contamination level, WNo work Was found'that
avalnat@d the ajecta of attituds contuol systems that were cleanad @né assembled
und@svﬁa@fmal" spacccraft pooumstic systom @ﬁ@c@éuﬁﬁsgi Comzequontlyy tho testing
 condusted ﬁa thig @qﬂs@ (Fhase 2} @ﬁ gha g?@@misi@a qu@ggﬁ%in@ tosk 4a @ﬁ?@@%@@
towards ﬁ%@ @a&afaiﬁf&i@a of gﬁ@ qmaaﬁﬁﬁg @f via%i@ 3?@?@@ @j@@&@ﬁ eand &h@ ?@&@

©.of such @3’3&;@:.»@@@ B - : = f :"} B 2 Tie :;l ;f; B = '\

Co BPOEL Y

' The AU &jcﬂta hloansay Lo b@img wcwf@fafﬁ &0 @@@@ﬁnﬁﬁex

1, Tha viaﬁia wﬁgfﬁm??B @ﬁﬁ@&@é fﬁﬁﬂ a Ey@ia@l ﬁ@iﬁ g&a &ﬁu &hzﬁ has b%@ﬂ
gzﬂaaﬁd send &@guwgiﬁﬁ wadar "sowmel® {euve ly uaady @&@@@éugaa. f*'"

'2 E&@ zaka @ﬁ bio=0jisction ﬁﬁmé? @ai@@ and a&@@éy_&aaga wndas of .

aygzam @@ﬁﬁﬁai@as

l Eg The guentity of oxganisus aj@c@wﬁ at im&@ﬁvﬁig aﬁ&ng tha ﬁm@y aygia, 1~l

[
R

'é@ K&a affnct of v¢&@*a§@1 @ﬁ'@gh;mﬁwmv»»§@@ti@n f@f@e’ The a@aii@ﬂ

g -, s m, Bonn & B "
‘vihga&i &7 Qw§§¢ ba &y@&aai 2 Lnrx mm;uud@é f@% ﬁ@ngagg,,g
4% - . ] . , .




D, BYSTEM IRSTCH AND OFERATTONAL COWSLDERATIONS

©oay

The system was designed to pr@vida ejecta vesults that could be used to praﬁict,

l ¥

AGS, along its flight path, The following design consideretions were applied

within razsonsble accufacy, the quantity of viable ejecta from an actual Voyager

1. The xatio of propallant tank internal area to all other cemponent and line .

intemal arcas is the same for the test system as for the Voyager ACS pro»
posad by G,E, in the Task B desi.gn.a This ratio is approximately zo/so and

vépresents the high and low velocity rgas areas; ff‘-jff” ST

2, The test system utilizes typical ACs pneumai:ic components, to give x@pren' o

Z.

' sentativa - intexnal areas amd “€low passage’ cenfigurati@ns.:ﬁjﬁflﬁ7'"“

3. &4 ﬁhgugt@? to Prﬁvid@ the l&ma syst@m gds fla@ rate a8 any gingle ghrugteg R

P
1 L

oon th@ V@yag o1 Syﬁﬁem"(.

' 4;'Pﬁﬁviéa 8 twst eycl@ e@naaﬁmﬁng sh@rt anﬁ I@ng éux&tisn pulaes at inr@fvals T

sty BT

‘alcng the t@tal acs eg@r&tianai @pectrum. ‘;'b r ; ,,‘;"37}1?ffffif.-fgi“‘"“¢

; 3 V*bx&ti@m to b@ epplied t@ ﬁh@ t@gt ey&t@m at th@ @xpect@d V@y&g@r fr@a e

4} ]

qa@@ﬁi@ﬂ and ac@elefati@ng prﬁor 1= syatem @peraﬁiam o éet@fmine the

effect of wibration on bi@”@593t10n' ,; :fwfff“fff'uf'71'{?flf f'ff*f;”“}7¢T'
8, Tﬁ@ ﬂyaaﬁm to ba ptﬁssurﬂzad mith hiOmfiltexed gag {filtezed thruugﬂ 945
mloxon filﬁb&ﬂ? 89 thaﬁ all ejected organisms may be c@nsider@d to ba R

- vemoved frem tha internal surfaces ef the sysﬂema

B, SYSIEN s mv‘fz JADE BE@CE? fﬁi}'ﬁs TR

'@hﬂ systen 1&y@ut is” vivcn in &ttae@m@nﬁ 1 "G, E dr&wimg number SK 56152«597

L

?h@ ayatcm is coavenﬁiaahily ﬁa%ig&&d &né camn?iSﬂd cf ‘tha foll@uing c&mﬁsﬁ“ntﬁf;i:‘

I
e

N E’mpfanéma’ Tank, @resgum te:‘m.aﬁucers élhigh &ﬂﬂ im’? pmsmﬁ e}, ram.zlamrs f‘ﬁ.mgf

a@l@ﬂaid valve, thrustax anﬁ assac&atﬂd tubas &nd fittiaga, T%@ B@m@@ﬂ@ggg are o IR

;'rigiﬂiy w@unted on.a- 3!& im, aiumiﬁum pl&te s@ th@ syat@m will ﬁ@t b@ d&mﬁg@d
\%*3 ; ; _ i

';:(3“4’V.. E - A_‘“];.  ?‘$1




during vibration testing. An adapter plate is wounted adjacent to tha thruster

to hold the ajecta fllter, "0" ring ceals ara used on both faces of ths adapter

to pravent gas leakepge during system eparatilon,

selected from cowpononts used during dovelopmont of the attltuda contyol pnou=

matlic systems of Wimbus, Advent, snd 0A0, .These componants have been subjected

Hazdware used in the gystem was

to normal handling and storage contamination associlated with a devalopment program,

wiﬁh the exceptgon of the propellant tank which is a new 1eem d@sig@é@gﬁpr the

Gravity Gradient IT Satellite. One-quarter-inch-diameter, 0,035 inch wall, 30k

stainless sﬁeel tubing, in conjunctiocn with MS flared fittings, were used to

connect the components into a system.

Figure 1 shows &h@ taﬁ&l‘system tast s@hématico

Plcturas’ of the system da .,

. t@si:@:d wﬁ.m @j@@m fi@.&@m im pi&m ars gﬁv&n i&l Fi.guma Za aﬁd Zb, ‘.’i‘%bl@ 1

o R A i Wl 0 120 20

% pﬁ@?ﬁéﬂa a bzief iaa@?ifi@azi@n @ﬁ %h@ pﬁimﬁfy @@m@@a@nga ana Tabl@ z givan th@ .

",A@yrtfn pﬁﬁazgy eg@aaﬁiﬂa p&z&%@ﬁﬂﬁﬁgzh,;ij ‘ “

Brhin 3., ﬁgw sonens @“ﬂ@fﬁ?ﬁ?’i@ﬁ smé Es’:zggﬁ

- 3&%&&%&3&?‘ S e WANURAGTURER - TUUERIAL AZEA
1L Propoilent taﬁk - 145 zu?‘;ffj  eae | Mees | w2 Q@? i?j f; :
,25 @&a@k'va%va = i ,  _;:i" .i @&ﬁ' @izciebﬁéai-' .2.0vvﬁi B
i 33tgilﬁ@?_”-194ﬂiég?a51A ﬂ1 | 1 adveme "&ﬂr@-?éf@ué: ‘.;734 -
‘4} ?ﬁ@ﬁa§£@@§V€%?3'éfggaéﬁ §@i C} - mibus | TresseSonte | 0.5 70
J$a’?é\ ad 6@E iF‘? o @mﬁ?@ﬁ 'L'f "; Hinbug Tramswaﬁﬁic, f?ﬁ@ﬁf;;*; 1' -
5?fg@2@'l”é vai%a = @f&”‘i"”._: | "éﬁv@gﬁ _Vaic@z o "i3;§1i<3;75%““ 
7@'g§éaiga@giéié9ﬁ§za;aég;5§gag§f e Wiohus ﬁaﬁigaa}f§‘{ _:.iﬁgégﬂ”; 4
35 Tﬁfﬂf‘@ @ @@?” %&ﬁw@% ¥ij ._ef{;l%£m$ugf 'ﬁgg;‘ﬂf;;* :' Qié;§j4i557‘:'
9. Tdmee ~ /4 mia@ 1635 wall, | N e s
e gy



Sveten Qfmrm,ing ParanaetlRrs. |

Tank Volusa | 145 ind ‘

Tank Prossuve 2000 nsi
eunds of ras 0.985 1-b ’
Regumted Prassure 39 psi ‘

".&“%nms'i:@r C%'sa%m‘isér Prassure 36 psi ‘

Gas Flow Rate ‘ 0.0019 1b/sec
System Thrust : 0.1 1b

System Total Internal Axea 178.0' in?

Tank -to System Area % 79.5% |

o CLE &‘EKZF’&" ﬁ&\?@ ASSEMBLY _PROCEDURES

The Nimbus cm&ninn and assembly procedures were chosen as t&pical, These »;meumatic'

aystam bsp@@iﬁﬁ.cat%@s ara given in ‘Appen-iix C.
In g@' mﬁ a1l hasduars c@”ps 1ONES ard z isacsenbled in ﬁ:ﬂm flmr mgﬂé,@ﬁg im; g:?'efei

S

and PE@LZE ez?%@ "Ee, mfmai g 48 £o G.B, § g; ., E%@, 595 26318 ‘ara. 3.7 (;mwndix C) The

o~

degreasing m::@:f:ay ad in tha elesning Qg}@@ gsnsism of uitmso&im @1@:5:@,,,.@:? %;Ez,, @iam_

asacmg?&cﬁ &@ré n nhs in a fz:;:m bath, E%:swh c@mrwmnt is paf«:g&é afzer m&aﬂﬁmly ami

sy s

a pa;.timz}ia G count % &?ma @f a 42 aﬁ:‘ﬁmm&g ?u s,ze, ia c@ﬁt m*ﬁ wﬁﬁ m@' ag@aifﬁ.@d
.@E@mi‘m:w EW@R is ¥ aachked, A&fter elom mg the mw@m%t is swiﬂr:ﬁ Ecn el ﬂm gﬂasé
‘:,é BEgs. | ﬁwzazwﬁ fumctionzl teutiog of the cow mwuw &¥2 g; zu,@mf’ﬁ with test
£fiuid whet hao boon £ilbeved to a @«}5 wleron levei., Sya ﬁ;m @?eaw,.zag wz& amziyk
ard pm::i.'e:mr::ﬁ ia sceordance wlith 8pee . EU8 %EEE gnd G.E, Qwiﬁ.&y *2"5” 2ol & Teot
Lo . A
| 'S%:&:ﬁding Emmme; ‘g%@,:.'?szmzség&@ Appendix G, ’ﬁm aggembiy ‘work was @@mm wnd ﬁﬁ a

newly wﬁseﬂmﬁt@é clean zoon that %ma d@fﬁig@@d i;o ws% Class w} Qf‘ﬁ M;maﬁimm

,iaw@‘i; sz; awmal cmmmﬁz%a '3,, a}; &ms ﬂ@t be"en Esmbmsm& e:h?fsmvh ER8uTeEIn]

hsﬁ;@v@r,ﬁm&z’a o wad HECR2nee am"i p'z::::@gi:: i3 are %}ﬁ:‘éﬁw @La&mﬁ ?z;ﬁ; j,?:sz’f".@ R

. accsphomea 43 ba a?& ug o sé:;f:;‘g pariicia awma: 23 g:;v&s; :’z’iz 3% ?m@;g 3 ?@*4’5.,*‘_;.'




G, BIRGTA FILTRATION -

The ﬁigeharge gas from the ACS is fixed into a Gelman Ins;rument Co, fillter
holdexr {PH 11101) containing a .45 micron membrana filtex., Evaluation testing
of the Celwan filter holder end the method of attachment to the thyuster was
made on an auxiliary Acs; The auxiliary s;etem utilized a thruster and solenold
valve of the sam2 cqnfigura%ion as that used in the test ACS, The auxiliary
system was presgurized from precharged gas cylindewxs and regulétad by an oxygen
welding regulator. The design of the filter hold@r to thruster adepter

mathod, tashmiques to pﬁ@vaat c@ntamimati@n of the stexlle filter hnld@ra durliag

‘Lasting gnd proceduras f@r r@m@vﬁng the machrene fiiteza fram the filter holdexs °

f@ftﬂﬂassav wewne develooedéuﬁﬁﬁg tegting of the suwxiliary system, Fii&@z'haideé .

£§;? wag aloo detormi mﬂﬁ o assur? %ha? sav@xg@nic £icy n@uid be maimﬁ&&n&d iﬂ
&h@ ﬁ&ﬁk@ﬁ of tho %ﬁﬁ&a&@? Qﬁfiﬂ? &@@giaga

DBEQISSNT ’ﬁﬂf@ﬁw L i

The tosting end bi@aaaay precedures gze as given ia Appsnlixes A and D, res= -
pecaiv@w . Qa&iﬁ?y control providad data gn@“gm@c@ﬁax@l checks f@?Aﬁ&ﬁitaﬁiﬁg‘ -

end exgeording of cach step @f a&@ @@a%imgg al@&nﬁgg @uﬁ bi@uasaye

The 03 tost plen i3 as f@iiﬁaaa v&%ﬁa&i&m& to th@ zest pia@s may ba g é@ﬁt

a &a ke torting PELEEGOL0S,s

. 1«*«::2:‘ g el

LRSI | S

3

Sue 1@'?hﬁ£& pulses of 5 ssoond émﬁ@&iﬁﬁ a&s&g‘fv"'”’"L

e B 2, s gu;st@ @i 3@ ws &aﬁﬂﬁlﬁ@ each, f*.’

Pﬁzﬁ@ gﬁﬁ ?ﬁ% sﬁr@a~—’




TEST T {Conk,.)

GRS TR

Step 5. Repeat Step 2,

" 6., System blowdown to 25% pressuve.
w . 7. Repeat step 1. o
" -8. Repeat step 2, k

_TEST T
Step 1. Syst@ﬁi‘ vibrated to simulate bcﬂét phasé.
"2, Th'réfa pulses of S secsm?s durai:i.on each.

? 3. ’f‘lr@& pulses of 30 s e%umi:iou aach.
LY Syiﬁﬁem M;m»zd%m to 50% pmsauga?m e . e e
'5"‘, 5. Lﬁp@&ﬁ; ae@pg 2 m& 3, S

¥ "ﬁo,, yai‘:ma Elmmm to 252 pzwgume

- 4y

Comog, ‘mﬁmae ayawﬁa to 3%.&31834.&" oebit iﬁ&arﬁ@m flving,

R T E*Wngﬂa’é, Eﬁ%};@ 2 end 3,

B T . - -

?:grfz”z«: |

Stap 1, R@p@é‘t_?@ﬂﬁ 3. ,

EEBT W

8tep 1. Bspeat Yest IL. - g

& newejecta filter is umrs@ after each system ptﬁ.se, In additicn t5 the . ‘:,’; S

e:bsv@ t@s&iﬁgs a bﬁ.@aaa&y of sygt@m eﬁﬁ@ﬁﬁﬁn‘ts iz &o be p@xfemd sfzer au

'. @yat@m ma‘a’;img i @mgiemag o L

2 e wws . SRR :
: T@Qﬁ kS m ﬁ %x E:s@«n @@mi@m& ) ﬁame Ba%:g From ?zesg:'(‘:ﬁ ia ..33"9’%: m [y
Table 3,7 e o - : ‘
] Q g -

G-8




IABIE S )
o AVERAGE NUMBER OF VIABLE ORGAN=-
ISMSQ@?MBRAW FILTER

STE?S FE TH-’E GAS VOL, FILTER NUVBTR NGN»HQAT SHOCKED  HEAT SHOCKED
gac.  (ft)3 x 10-2 ‘

-1 5.7 1.04
4,7 .89
5.8 1.05

o
)

MUBNO oowu

<10
<5

2 .28 .053
.3 057
.39 074

3 180.00  34.2 < 10

230
<€ 5
<€ 10

4 '5.8 1.05
5.6 1.03
5.9 . 1.06

A

fot ; N
BV N OUVES WN
) o
: - A A
© 000 owo o

5T 42 .08
.32 .06
42 08

<10
<5

Gor

6 12,00 T 23:5

ot
&
=]

Y 5.2 " 1.0 - <20 <2 30,220
SP 0 5.25 - 1.0 . ,
AP 5L 1.0 €10
87 .- .35 .- 065
T D - B -
TR e85 - a0b s

< 30
< 10

G W8 e
H» O OcS

*

9 - @.08 - 151 Blemk - . . € 5.
" Pallout ., 0,367 orgenizmsfpetsl dlshenin, ov
- 0.00467 orgenisms/entendn,

#dfacarded bacause conteminated deving one of the precadures, -




'Thé;é&ta shows that ZB'Qf:th@ 18 vé;id.gibaaaays fthraé were iﬁé&Q@r&éﬁtlf;A
comt&min&t@d}‘dié not contain any viable spoves, Of the remaining £ilter
elewonts, only one {f1lter #9) had evidénce of being contamimat@d.by the’

ACS system, Filter elemsats 1, 5, 6 and 1(Step 7) provided inconsistent reéults,
i.e,, greatey conteminstion observed afeer heat shock, which indlcata cone
tamination daﬁing the bloassay procedure, In general, the numﬁér of
ofgaéisma ﬁacovexéé are of séch 8 1§w-valge that statistieal méthad nermally_;
ay?lﬁ@d to é@t@rmiﬁa the ejected quantity ar; not vallid, Bioloéical lébOﬁ&tory

Eagkgf@una c@@ﬁ&mﬁé@&i@n chacura @uch‘lﬁw bi@aﬁsay results, In @@naid@f@ﬁi@ﬁ of

ghe 1@% @@m&&mﬁn&“iéﬁ leval @ba@iﬁ&a ié Peot L, the ejeeta filéxatﬁ@a pé@e@duﬁev
wag vovised ﬁ@? ?es? £ o allovw woza g@a t@ flow thx@wgh a filtar ﬁ@? a p@rw |
%i@miﬁﬁA@y@@@@;ﬁaaﬁa ?b@ woelend py@ge@&z@ @11@%@ o puis@@ a@ h& pasuaé thx@agh

éﬁ

sxt\

f2izoy belsza &hé'ﬁﬁiaéﬁ 2o ca@&@@%s @@é aiaa f@ﬁﬁ@@s the nu&b@ﬁ_sx gﬁia@s iai“
Q“A@ @a@@@' The zbv%s@ﬁ test ?vaéaaaz@ i@ gﬁve@ in A@aeadix Ae :<§éﬁing th@" |
EM¢$231 vibg&?iﬁﬁ pozrilicn @f Tesgt ¥Z a loak was ﬁ@@bi@@@é naiaa bi@d ghe @ygtsm o
ﬁaam go 1200 pei befoxa &h@ systen: was a@&iv&&@d f@r E@s@ Eig ley ﬁg@ps 1 ‘.fj
&ﬁﬁ@ggﬂ 5 o8 Toer % wara @Ga@i@ 2d bofore the tenk pressure deczeased %@1@@

the valua e duigaﬁ for a sacend 3@@@@@@@@‘ ThéJéaﬂaimiag gas w@s»b%&%ﬁ thuough

a ﬁﬁagle fileer, -

Prelininary indl &&ai@aa {?? h@mr county wﬁvﬁais very 1@W spore c@untg ie@,,
less then 10 epoxes x@r-th& zotal t@a&a &akw&l g&s qu@atity and sy@t@m “vaiv&
»@a %im@“'-%égﬁvﬁ@% baen reduced fron E&a@xﬁ3ag tra@&a ak the tize of &hﬁs

EIpOTE.

EEPETONE



As a check on system intexnal contsminat:ion level the in-line 10 micwvon filter .
unit was vemoved from the system after Test I and a bloassay of the filter
internal surfaces was performed, The test results after 72 hours incubation

show no viable organisms in the culture,

Ko PLANNED AGTTVITY

1, As a result of the vér&.low nuﬁber of viable organisms being ejected in
the two tests that have been perform@d it is now planned only to run one A
additional vibration test series ﬁo vexify previcus results, The bicassay :,_i
'vill be altered to that given in Aopendix D, This anneniix, in turn, . v
"pr@vﬁdus a bi@asc&y pﬁ@ceduxe for use when it ‘has be@n pr@vieusly establishad .
}that 1@@9 thaa 30 @rga@ismﬂ ara b@img deposit@d pcr filter element._?hisa‘ 
"_ pa@gﬁéurm minimi?@s hﬁclogic&l 1aborat@ry contaminaticn, . | \ ‘ o |
iz;iTest the ej@cta of a flight or engiamezing m@del ACS that has b@en mﬁﬁun“:4‘;l’
‘  factured in house (G9 @} und@z cl@aning pt@cesa@s simila% to that of theff"{t .
Eimbgs, _Th%a test weald b@ é@@if&bl@ to varify W@@ults cf thL a@aled écsi” .
30»Férfo§m bé@ésééﬁ on gii c@@a@ﬁémts of &gé’téét Aﬁs‘é§é£ém tb d@&@ﬁmﬁé@;l
intari@x surfaaa coaﬁamﬁaati@n.-'f o | | B o

4, Determine pmpmmm gas memw,@logﬁ,cal 1@ad:s.ag, CLEn

.

,_(.
Y

Cemme



._. .
R v ) i T2 e
AR | m@w.m\k\w,m&mmw\w«\mw

o LLTUSAS DILYINS
fTOIUNOT FCNLILLY

O R K e e Y W i
sryr2a38 Y3932238

¢
§ £y

Ford b

ol Ml.l
= "
Y Cr¥t JaSEeiSy . : y . : . T S T . N b o o
% T cd o n ] [RoE 73 P T ) e ‘? )
- .
e B .
S - . ' A
!n)“ll- - .
. BIEnET L ks Ry -
p: S ,
, & o ¥ ,
5 K , )
: i - O - :
. L - N 3
e z

]

B

\"I!.I.lul...ﬂ T -
o/ o
. . )

_
i
&



